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General and Physical  Chemistry  

The Theory of Refraction Constants. OTTO WIENER (Ber. K.  
Sachs. Ges. Wiss. Math.-phys. K 1.62, 1910, 256-277).-Mathematical; 
the author obtains for the dielectric constant of a mixture consisting 
of one substance imbedded in another a generalised Lorenz-Lorentz 
expression which involves a " form-number " u. This number is 
determined by the shape of the imbedded particles, and is greater than 
2 when the particles are not spherical. The values of u in different 
cases are discussed ; it is shown also how they may be derived from 
optical data. The results obtained for diff ereiit substances corre- 
spond in general with their relative molecular complexities. The 
advance with respect to previous empirical improvement 8 of the 
Lorenz-Lorentz formula consists in the mode of deduction and the 
theoretical interpretation of the quantity u, F. M. G. M. 

Refractive Index of Water. GREGORY P. BAXTER, LAURIE LORNE 
BURGESS, and HERBERT WILKENS DAUDT (J. Amer. Chem. Soc., 19 1 1 ,33 ,  
893-901).-1n connexion with a study of the refractive indices of salt 
solutions and the refractive constants of dissolved salts (following 
abstract), a knowledge of the exact value of the index of refraction of 
water at 25' was required. Determinations of the constant have, 
therefore, been made a t  this temperature, and also at 20' and 30°, 
special attention being devoted to the purity of the water and the 
careful regulation of the temperature. The values obtained for [n], 
are 1.33299 a t  20°, 1,33248 at 2 5 O ,  and 1.33190 at 30°, when referred 
to air at the same temperatures, and 1.33335 at ZOO,  1.33284 a t  
25', and 1.33225 at 30°, when referred $0 vacuum. These values are 
probably correct within 0.00002. E. G. 

Refractive Power of the Halogen Salts of Lithium, Sodium, 
and Potassium in Aqueous Solution. GREGORY P. BAXTER, 
ARTHUR C. BOYLSTON, EDWARD MUELLER, N. HENRY BLACK, and 
PHILIP B. GOODE (J. Amer. Chem. Xoc., 1911, 33, 901--922).--Much 
work has already been done on the refractive indices of solutions 
of electrolytes, but the accuracy of most of the results is regarded as 
doubtful, insufficient care having been taken, in many cases, to ensure 
the freedom of the substances from probable impurities, especially 
moisture. 

The densities and refractive indices of solutions of the chlorides, 
bromides, and iodides of lithium, sodium, and potassium have been 
determined at 25' at various concentrations. 

The increase in  density of the solutions with increasing concentra- 
tion is nearly, but not quite, proportional to the quantity of salt in 
unit volume. The values obtained by dividing the differences between 
the densities of the solutions and of water by the molal concentrations 
have been calculated. These increments decrease slowly with 
increasing concentration, except in the case of lithium iodide. This 
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decrease is due to the contraction which takes place during the solution 
of most salts in water, lithium bromide and iodide being exceptions to  
the rule and showing expansion during solution. 

Similar increments have been calculated for change in the refractive 
index, and these also decrease slowly as the concentration increases. 
The increments are closely additive at equivalent concentrations, 
especially a t  low concentrations, indicating that the ionic, but not the 
molecular, increments are nearly constant. The increments for 
potassium salts are uniformly lower than those for sodium salts, 
whilst those for lithium salts are the lowest; this peculiarity is 
doubtless closely connected with the contraction or expansion which 
takes place when the salts are dissolved. 

It is pointed out that a refractive constant for one component 
of a solution cannot be entirely satisfactory, if calculated on the 
assumption that the specific refraction of the other component remains 
constant in solutior and equal to that of the pure substance, since, in 
general, specific rotation changes with even slight changes of 
conditions. The specific refractions of the nine salts are nearly 
constant, but increase slightly as the dilution increases. The 
molecular refractions are nearly additive a t  all concentrations. 

E. G. 

Second Spectrum of Hydrogen in the Extrgme Red. 
F. CROZE (Compt. r e d . ,  1911, 152, 1574--1576).-The position and 
relative intensity of 72 bands in the secondary spectrum of hydrogen 
in the extreme red have been measured for wave-lengths beyond h 6836 
Angstrom units. The results, which are given in tabular form, show 
no well-defined regularities in the distribution of the lines. The most 
intense are situated at X 7072, 7325, 6916, and 7056. W. 0. W. 

Spectroscopy of Oxygen. WALTER STEUBINO (Ann. Physik, 
191 1, [ivJ, 34, 1003-1010).-Polemica1 against Kayser (this vol., ii, 
237). H. M. D. 

[Spectroscopic Investigations.] JOHANNES STARK (Ann. 
Physik, 1911, [iv], 34, 101 l-l014).-Polemical against Kayser (this 
vol., ii, 237). H. M. I>. 

Spectrum of Air Given by the Initial Discharge of the 
Spark with Self-induction. GUSTAVE A.  HEMSALECH (Compt. rend., 
1911,152, 1471-1474. Compare this vol., ii, 449).-The true spark 
spectruni of air has been shown to differ from the spectrum produced 
by the oscillations €allowing the spark. The former may be 
rendered more intense by blowing air across the electrodes, thus 
raising the potential. The intensity of the spectrum due to the 
initial discharge of a self-induction spark varies inversely as the 
capacity of the condenser and directly as the self-induction. 

w. 0. w. 
Mineral Constituents of a Dusty Atmosphere. W. NOEL 

HABTLEY (I'roc. Boy. Xoc., 1911, A, 85, 271-275).-Photographs of 
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spark spectra between cadmium electrodes have been taken with 
exposures varying from one to sixty seconds. I n  the case of the 
longer exposed plates, the solar spectrum is overlaid by exceedingly 
fine dark lines, which are due to solid matter suspended in the atmos- 
phere. Twenty-two such lines have been identified as those of 
elements known to be contained in atmospheric dust, namely, calcium, 
lead, copper, iron, manganese, nickel, magnesium, and carbon. Spectra 
of the spark discharge in hydrogen showed no trace of these lines. 
Determinations of the weight of material necessary to  give the lines 
of these spectra have also been made. From these it appears that  the 
calcium and copper reactions are more delicate than the test for 
sodium by the yellow flame or even by the photography of the 
ultimate lines of sodium in the oxyhydrogen flame and spark. The 
reactions of lead, manganese, and magnesium in the spark are much 
more sensitive than those of sodium, calcium, or copper. H. M. D. 

Regularities in the Spectrum of Neon. HERBERT E. WATSON 
(Yroc. Camb. Phil. Soc., 191 1, 16, 130--135).-From an  examination 
of the spectrum of neon it is found that, if the bright lines only 
are considered, the spectrum exhibits three groups of lines which 
diminish in general intensity towards the ultra-violet end of the 
spectrum. 

The first group, which extends from the extreme red to X = 4071, 
consists of one very bright line, one weaker line, three quadruplets, 
and three triplets. The second group, extending from A =  3754 to 
X=3370, contains one very bright line, one weaker liue, three 
quadruplets, and four triplets, whilst the third group, extending from 
X = 3167 to X = 2736, contains two bright lines, three quadruplets, and 
six (or possibly only five) triplets. The differences between the fre- 
quencies of the first and second, first and third, and first and fourth 
lines in the systems of quadruplets are respectively 1070, 1429, and 
1847 x 10g//x. 

The arrangement of the lines resembles closely the blue portion of 
the red argon spectrum investigated by Kydberg. H. M. D. 

The Separation of the Spectral Lines of Calcium and 
Strontium in the Magnetic Field. B. E. MOORE (Physikal. 
Zeitsch., 191 1, 12, 443-445).-From measurements of the separation 
of the lines of calcium and strontium under the influence of a strong 
magnetic field, it is found that Preston’s law i s ;no t  satisfied in the 
majority of cases. For both elements, however, the lines of the second 
subsidiary series and the first lines of the first subsidiary series are 
resolved in accordance with the requirements of this law. 

H. M. D. 

Vacuum Tube Spectra of Mercury. FRANK HORTON (Proc. Roy. 
Xoc., 191 1, A ,  85, 288-302).-Experiments with mercury vacuum 
tubes are described, which show that several spectra can be obtained 
which depend on the electrical conditions of the discharge. The par- 
ticular spectrum appearing in a given case depends on the energy of 
the discharge in relation to the mass of vayour through which it 
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passes. The simplest spectrum consists of five lines, and this is always 
obtained when both limbs of the tube are fairly hot and the discharge 
is running easily. S s  the energy of the discharge is increased or the 
pressure of the vapour diminished, more complicated spectra make 
their appearance. All the lines of each spectrum appear a t  the same 
moment as the electrical conditions become suitable to its producbion. 

Two of the methods employed for producing different spectra of 
mercury are referred to as being of particular significance for 
spectroscopic purposes. In one of these, discharge takes place under 
a low potential difference with the aid of a glowing lime cathode, 
whilst in the other, discharge is effected in an  electrodeless ring by 
electro-magnetic induction. H. M. D. 

The Absorption Spectra of the Vapours of Some Sulphur 
Compounds. JOHN E. PURVIS (Proc. Cumb. Phil. Soc., 1911, 16, 
155-160. (rompare Trans., 1910, 97, 2287).-Observations relating 
to the absorption spectra of the vapours of ethyl trithiocarbonate, 
diethyl thionthiolcarbonate, ethyl thioloxalate, and propyl dithiol- 
oxalate are recorded which show the influence of tempemture between 
ahout 15' and loo", and of pressure between about 760 mm. and 
950 mm. 

Each of the vapours exhibits one large absorption band which 
widens as the temperature and pressure are increased, This band is 
comparable with that previously found in alcoholic solution, although 
the latter lies nearer the less refmngible end of the spectrum. There 
is no formation of series of narrow bands analogous to those found 
in the vapour of carbon disulphide. The broad absorption band is 
supposed to  be due to a ring structure, and the four compounds examined 

are represented as containing respectively the ring forms : I ,>CIS, 
*s 
'S 

-S 0s-co *S-CO 
ll>CS, I I  I , and I 1  I 

0 0  *o-co 0s-co' H. M. D. 

Investigation of Emission Spectra of Solid Aromatic 
Substances by means of the Ultra-violet Filter. EUGEN 
GOLDSTEIN (Ber. Deut. physikal. Ges., 1911, 13, 378-392. Compare 
Abstr., 1904, ii, 689, 690; 1910, ii, 469, 671).-The ultra-violet 
filter described by Wood can be conveniently employed in the 
investigation of the eniission spectra of substances which are excited 
by radiation of very short wave-lengths. It is found that a large 
number of aromatic compounds, under the influence of the ultra- 
violet rays thus obtained, exhibit discontinuous emission spectra 
which are identical with the initial spectra which appear as the first 
and transient result of the action of cathode rays. Excitation by 
ultra-violet rays affords therefore a means of studying the detailed 
structure of the initial spectra. When aromatic ketones or aldehydes 
are acted on by cathode rays, the chief spectrum is developed im- 
mediately, and no evidence of an  initial spectrum is obtained. A 
similar result is found in the action of the ultra-violet rays on these 
su bstnnces. 
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As with the cathode rays, many aromatic compounds give rise to 
after-glow spectra (solution spectra) when the ultra-violet rays cease 
to act. These spectra, the intensity of which increases as the tem- 
perature falls, are in all probability due to the presence of traces of 
impurities. Fractionation experiments are described in support of 
this view. 

When the chief spectrum of a substance has been developed by the 
action of cathode rays, and the substance is then acted on by ultra- 
violet rays, these give rise to the chief spectrum instead of the initial 
spectrum. This indicates that  the original substance is modified by 
the action of the cathode rays, and that the chief spectrum is due to 
the transformed substance. 

The fact that  certain substances give emission spectra when acted 
on by cathode rays, but not when subjected to ultra-violet rays 
From the filter, is probably due to the remote position occupied by 
the region of selective absorption in the ultra-violet. Rays of such 
small wave-length are not transmitted by the filter. Ha M. D. 

Some Causes of the Formation of Colour in Inorganic 
Compounds. C. REICHARD (Pharm. Zentr.-h., 191 1,52, 591-597)- 
A discussion of the colour of inorganic campounds as compared with 
the colour of the elements from which they are built up. The 
effect of temperature, state of division, etc., on the variation in 
colour is dealt with, but no explanation of the colours is given. 

T. S. P. 

The Colorimetric Dilution Law and its Application to 
Triphenylmethyl. JEAN PICCARD (Anncden, 191 1, 381, 347-351). 
-According t o  Beer (Artrt. Phys. Chem., 1852, 86, 78)) the observed 
intensity of a coloured solution as observed by looking down on the 
solution placed in a cylinder does not alter during the addition of 
more of the solvent. The same law holds good when the dissolved 
material consists of two isomeric modifications in equilibrium with one 
another. The ratio of the concentrations of the two formsis constant, 
and hence the colour is constant and independent of the dilution 
C1/C2 = K. When, however, the one modification is a dissociating 
polgmeride of the other, the relationships are different; then C/c* = K1. 
With increasing dilution the value of C diminishes more rapidly than 
the value of c. 

When solutions of triphenylmethyl in absolute ether are examined 
in the colorimeter, it is noticed that the yellow colour of the solution 
increases in intensity during dilution up to a certain maximum value. 
The colourless triphenylmethyl is presumably a polymeric form of the 
yellow unimolecular form (compare Schmidlin, Abstr., 1908, i, 623). 

J. J. S. 

Absorption of Light of Some Corresponding Ethane, Ethylene, 
and Acetylene Derivatives. HANS STOBBE and ERLCH EBERT (Bey., 
1911,44,1289-1294).-The authors have investigated the ultra-violet 
absorption spectra of the following groups of compounds ip alcoholic 
solution, and find that the replacement of a single linking by a double 
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or triple linking causes, in all groups, a displacement of the absorption 
bands (or, in the case of continuous absorption, of the absorbed 
region) towards the visible spectrum, but the effect in the case of a 
triple linking is not so great as that, of a double linking : (1) Ethyl- 
benzene, styrene, phenylpropiolic acid ; (2) P-phenylpropionic, phenyl- 
propiolic and the stereoisomeric cinnamic acids ; (3) phenyl phenyl- 
ethyl ketone, phenyl styryl ketone and phenyl phenylacetylene ketone ; 
(4) dibenzyl, stilbene and tolane ; ( 5 )  diphenylbutane, diphenyl- 
butadiene, diphenyldiacetylene and diphenylbuteninene. 

The formation of reduction or additive products from acetylenic 
compounds, whereby the triple linking is converted into an ethylenic 
linking, is therefore accompanied by a deepening of the colour, and the 
same is true of the formation of polymerisation products. 

The polymerisation of phenylpropiolic acid to l-phenylnaphthalene- 
2 : 3-dicarboxglic acid causes a displacement of the limits of absorption 
towards the visible spectrum, by about 700 oscillation frequencies, 

F. B. 

Fluorescence and Radioluminescence of Some Hydro- 
carbons with Ethane, Ethylene, and Acetylene Residues. 
HANS STOBBE and ERICH EBERT (Ber., 1911, 44, 1294--1297).-The 
fluoresoence and radioluminescence of (1 )  dibenzyl, stil bene and 
tolane, and (2) of diphenylbutane, diphenylbutadiene, diphenyl- 
buteninene and diphenyldiacetylene have been investigated, and it is 
found that in the same series, hydrocarbons containing only single or 
triple linkings have approximately the Fame luminescence, whilst 
those containing double lin kings show a much higher luminescent power. 
Thus, in the second series, the intensity of luminescence increases 
from the butane and diacetylene derivativps to a maximum with the 
butadiene compound, the luminescence of diphenylbuteninene having 
an  intermediate value. 

The effect accompanying the replacement of a single by a double 
linking is therefore much greater than that produced by the triple 
linking, which raises the power of luminescence to only a small 
extent. 

The authors point out a connexion between the intensity of 
luminescence and the position and form of the ultra-violet absorption 
bands ; increase in the intensity of luminescence is accompanied by a 
deepening of the absorption bands and their displacement towards the 
visible spectrum (compare preceding abstract). F. B. 

Stokes’ Law and a General Relation between Absorption 
and Phosphorescence. L. BRUNINGHAUS (Compt. rend., 1911, 152, 
1578-1580. Compare Abstr., 1910, ii, S8, 89).-A comparison of all 
the known absorption and emission spectra of organic and inorganic 
phosphorescent substances has shown tha t  each group of bands of the 
emission spectrum is nearer the red than the corresponding and 
adjacent group of the emission spectrum. In this respect phosphor- 
ascent substances are in accord with the requirements of Stokes’ law. 

w. 0. w. 
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Triboluminescence. P. N. VAN ECK (Phorm. Weekblad, 1911, 48, 
581-588, 61 1-614, 654-665).--8 summary of published work on 
triboluminescence. A. J. W. 

Electrical Double Refraction of Carbon Compounds. 
RICHARD LEISER (Chem. Zentr., 1911, i, 622-624 ; from Abhandl. 
Deut. Bunsen Ges., 1910, No. 4, 1--71).--According to Kerr’s 
formula the difference in path, A, expressed in terms of wave-lengths, 
between the ordinary and extraordinary rays in the case of electrical 
double refraction is given by the formula A=BZZP, where I is the 
distance in centimetres between the condenser plates used in the 
interference method of measurement, E is the strength of field, and B 
is the characteristic constant for the substance u tider investigation. 
I n  the case of carbon disulphide, which is used as the standard 
substance of comparison in this investigation, as well as for many 
other substances, B is approximately proportional to 1/ 72, where X 
is the wave-length. 

About 150 organic liquids have been investigated, the ratio of B to 
A’, (the latter being the constant for carbon disulphide), being deter- 
mined under different conditions of field strength, temperature, kind 
of light used, etc. A frill description of the apparatus and method 
of measurement is given. Most of the data hold for room tpmperature, 
but in a few cases measurements were made over R temperature 
interval of 20’. The great variation in the behnviour of isomerides 
is illustrated by the following table, which gives the values of 
100 BIB, : 
n-Butyl alcohol ............... Benzyl alcohol ............ - 477.0 

tert. -Butyl alcohol ............ + 154 Anisole ...................... i- 35.5 

No other physical property of organic liquids varies between such 
wide limits, and it is impossible to determine the atomic values of this 
property, as, for example, in the case of refractivity, etc. The value 
of B is very sensitive towards temperature, generally decreasing about 
0.5% per degree, so that a comparison of the values obtained at room 
temperatures is somewhat arbitrary. Nevertheless, the value of 
BIB,, excepting in the cabe of compounds such as nitroform, is fairly 
independent of the temperature. I n  some cases, for the purpose of 
comparison, the molecular electrical double refraction, MB/ Bod, is 
calculated, but generally the author deals only with the ratio 100 

For the hydrocarbons this ratio is always positive, generally small, 
and increases with the molecular weight ; the symmetrical compounds 
give the smallest vcllues. The following values of 100 BIBo have been 
obtained: benzene, 12.1 ; toluene, 24.3 ; ethylbenzene, 25-6 ; o-xylene, 
41.2 ; m-xylene, 24.4 ; pxylene, 22.6 ; $-cumene, 30.7 ; and mesityl- 
ene, 18.7. The saturated paraffins have especially small constants, 
which diminish as the chain becomes more brclnched ; open and cyclic 
paraffins show very little differences. Each double linking increases the 
constants 6-9 units. Substitution of a hydrogen atom by a negative 
group greatly increases the constant : fluorobenzene, 191 ; chloro- 

isoButyl alcohol ............ 1 ::7” I m-Cresol .................. + 657’0 

BIB,. 
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benzene, 385 ; bromobenzene, 574 ; iodobenzene, 288 ; nitrobenzene, 
10070 ; methyl iodide, 209 ; nitromethane, 330. 

The following numbers for different alcohols illustrate the large 
effect of the introduction of the OH-group : methyl alcohol, 30 ; ethyl 
alcohol, about 0 ; n-propyl alcohol, - 78 ; n-butyl alcohol, - 113 ; 
isopropyl alcohol, 73 ; benzyl alcohol, - 477 ; tert.-butyl alcohol, 154 ; 
m-cresol, 657. 

The ethers are generally more negative than would be calculated 
from the means of the alcohol values; in most cases the constants 
are small, whereas those of the aldehydes and ketones are very large 
and positive : acetone, 505 ; acetophenone, 2060 ; benzaldehyde, 2490. 
Paraldehyde has a negative constant, - 713, indicating the presence 
of ether linkings. 

The fatty acids have small positive constants, the values of which 
are practically independent of the molecular weight in the higher 
membere of the series; there is also a periodic rise and fall in the 
constants, similar to that observed in the case of the freezing points. 
This periodicity is found in several classes of compounds, as, for 
example, in the substituted aromatic hydrocarbons, whilst in the 
poly-substituted aromatic compounds definite regularities are observed. 
With increasing substitution in the paraffins, the constant first 
increases greatly, then diminishes rapidly to a large negative value, 
and finally approaches the original small positive value, as illustrated by : 
methane, about 12 ; methyl chloride, 200-300 ; methylene chloride, 
- 36 ; chloroform, - 100 ; carbon tetrachloride, 2.3. 

Substances with high constants are the most reactive, those with 
low constants being slow to react. There are exceptions, however, as 
in the case of phenylhydrazine, the constant for which is almost zero. 
The constants are of great use in determining questions of constitution, 
and they show also a connexion with the dielectric constant. 

The author connects his results with the electron theory of electro- 
optical effects. There is much to  indicate that the individual molecules 
are anisotropic structures, which, contrary to what holds in the case 
of crystals, can assume all possible positions with respect to  each other 

T. 8. P. 

Radia t ions  Decomposing  Water and the Extreme Ul t ra -  
violet Spectrum of the Mercury  Arc. A. TIAN (Compt. rend., 
1911, 152, 1483-1485. Compare this vol., ii, 452).-The radiations 
decomposing water with formation of hydrogen and hydrogen operoxide 
are localised in the extreme ultra-violet, beyond X 1900 Angstrom 
units, The light from a quartz mercury lamp brings about this 
dscomposition principally through the presence of the rays X 1846, 
1848, and 1851. An electric spark between aluminium electrodes 
emits the rays X 1854,1857.5, and 1862, and is also able to  decompose 
water in the same way. w. 0. w. 

Photocatalysis. Action of Light on Mixtures of Uran ium 
Salts and Oxalic Acid. LUDWIK BRUNER and J. KOZAK (Zee'tsch. 
EZektrochem., 191 1, 17, 354-360).-Solutions containing uranyl 
nitrate and oxalic acid are exposed to  strong daylight, a number of 
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solutions being exposed simultaneously so as to obtain comparable 
results. Two reactions 
take place : C20,(OH), = CO, + CO + H20 and C,O,(OH), = GO, + 
H*CO*OH, about 27% of the decomposition being due to the second. 
The addition of strong acids to the solution has no effect on the 
reaction. The rate of decomposition of the oxalic acid is independent 
of its concentration within wide limits. It increases with the con- 
centration of the uranyl salt, but more slowly than this, tending 
asymptotically t o  a maximum. The effect of temperature on the rate 
of decomposition is too small to be measured. A n  attempt is made to  
measure the effect of varying the intensity of the light by wrapping 
the tubes containing the solutions with different numbers of layers of 
thin paper. The results indicate that light of less than a certain 
intensity produces little or no reaction ; above this intensity the rate 
of change is almost proportional to the intensity. The analogy 
between this result and the electrolysis of a solution with increasing 
X.M.F,’s is pointed out. 

No indication of the existence of a pbotochernical extinction could 
be observed. T. E. 

An Apparatus for the Measurement of Radioactivity. 
BELA SZILARD (Cherra. Zeit., 1911, 35, 539-540).-A delicately 
suspended magnetic needle in metallic communication with a metal 
Land, within which it lies at the zero position, is contained on an 
insulator inside a flat circular box with glass top etched with a circular 
transparent scale. The position of the needle is read by a lens in the 
axis of the needle support. By means of a side plunger a charge can 
be given to the needle and its metal band. It is adjusted to zero 
uncharged by rotating the whole instrument, and then charged. The 
rate of movement of tho needle on its return to zero in presence of a 
radioactive substance is used to measure the activity. For work with 
emanations, t h e  instrument is mounted on a cylinder bearing a central 
electrode in connexion with the needle. 

The Presence of Helium in Autunites and the Period of 
Life of Ionium. ARNALDO PIUTTI (Le Radium, 1911, 8, 204-205). 
-An examination of one of the specimens of Portuguese autunite 
investigated by Soddy (this vol,  ii, 6) showed that the helium was 
largely present in the portion insoluble in  hydrochloric acid. The 
spectrum of the gas from 3 grams of the original mineral containing 
40% of autunite, obtained by calcining the mineral, was compared with 
that obtained by the calcination of 4.2 grams of the insoluble residue 
remaining after prolonged treatment with cold concentrated hydro- 
chloric acid. The spectrum of helium was of similar intensity in the 
two specimens of gas. Since in dissolving the mineral in hydrochloric 
acid some of the helium in the insoluble residue may be evolved, 
calculations of the age of the autunite and of the life-period of ionium 
from this datum may be vitiated. 

A Method of Making Visible the Paths of Ionising Particles 
through a Gas. CHARLES T. R. WILSON (Proc. Roy. Xoc., 1911, 
A, 85,285-28S).-By using a suitable expansion apparacus the track 

The reaction is too slow in artificial light. 

F. S, 

F. S. 
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of individual a- or @-rays, or of ionising rays of any kind, through a 
moist gas may be made visible by condensing water on the ions set 
free. The expansion chamber is cylindrical with flat, horizontal roof 
and floor, 7.5 cm. diameter, and between 4 and 5 mm. high before, and 
6.2 mm. high after, expansion. The roof is coated below with a thin 
layer of clear gelatin, and the floor also with gelatin blackened by 
Indian ink, which prevents the deposition of dew on the chamber and 
forms an  electrically conducting surface. Before expansion, a field of 
15 volts per cm. acts t o  remove ions as fast as  produced, The only 
ions ‘‘ caught ” on expansion are those produced within 0.025 second 
before expansion. For eye observation, a Nernst lamp and condensing 
lens, and for photography, a Leyden jar discharge through mercury 
vapour at atmospheric pressure (the mercury being boiled in a quartz 
tube) were employed, the spark being passed from 0.1 to 0.2 second 
after the expansion had taken place. The 1-adium-tipped metal 
tongue of a spinthariscope is placed inside the chamber, and the 
individual trails of the a-rays are then clearly seen. Some of 
thepe show evidence of having divided into two trails, due to 
positive and negative ions under the influence of the field, prior 
t o  the moment of exposure. Those photographed before diffusion has 
had time to occur are remarkably sharply defined lines. Wi th  @-rays, 
absolutely etraight thread-like lines are generally seen radiating from 
the source, while similar lines due to  secondary or reflected P-rays 
cross the field in other directions. With y-rays, the cloud is localised 
in streaks and patches, and consists mainly in fine straight thread- 
like lines traversing the chamber in all directions, due to the 
/?-particles from the walls of the vessel. Wi th  X-rays, the cloudlets 
are mainly thread-like objects, varying in length from a few milli- 
metres to a fraction of a millimetre, rarely straight, and many showing 
a peculiar beaded structure. The results are in agreement with 
Bragg’s view that the whole of the ionisation by X-rays may be 
regarded as  due to cathode-rays or @-rays arising from the X-rays. 
The question as to the form of the X-ray wave-front remains 
ii ndecided. F. S. 

The Variation of Ionisation with Velocity for the 
@-Particles. W. WILSON (Proy. Roy. Soc., 191 1, A,  85,240-248).- 
Separate determinations (1 1 of the charge carried, (2) of the  ionisation 
produced by the P-rays of radium B and C, separated by means of a 
magnetic field into bundles of rays of different velocities, have afforded 
data for the determination of the relative amount of ionisation pro- 
duced by the individual p-particle at different velocities. The deter- 
mination of the chargecarried by the rays, and therefore the number 
of /3-particles worked with, was made by allowing the rays, after 
being sorted out by the magnetic field, t o  enter a box, closed except 
for a small hole where the rays enter, and to measure the charge 
gained by the box in a vacuum by means of the deflexion of an  
attached gold-leaf system. To measure the ionisation, a box of exactly 
similar character was employed in the same place in the apparatus as 
ionisation chamber, the pressure of the air being between 0.1 to 5 cm. 
of mercury. The increase of ionisation due to  multiple reflexion of 
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the rays from the walls of the box was separately determined and 
corrected for. As a result, it was found that the ionisation in free air 
per cm. of path produced by the P-particle varies inversely as the 
square of the velocity between velocities of 1.4 and 2.9 ( x 10-10 cm. 
per second). This result should follow if the same amount of energy 
is required for the production of each ion, since the average time 
spent by the P-particle within the atom is inversely proportional to 
the velocity, and the work done by the electron within the atom is 
proportional to the square of the time. I n  thick metal vessels, owing 
to  the complicated manner in which the P-particles are scattered, no 
simple connexion exists, the ionisation I in a thick copper vessel being 
approximately represented by the equation : I= K(c - v), where v is 
the velocity, and K and c are constants. 

Observation of P-Rays from Radium-D. OTTO VON BAEYER, 
OTTO HAHN, and LISE MEITNER (Physikcd. Zeitsch., 1911, 12, 
378-379).--8 photograph of the magnetic spectrum of the P-rays of 
a product containing radium-D, -E and -3' showed two groups of easily 
deviable P-rays due to radium-D. The velocity of these new rays is 
0-37 and 0.31 (that of light = I). These rays are therefore of the 
same order of velocity as the cathode rays. Only two of the members 
of radioactive series, actinium and mesothorium-1, remain in the 

F. s. 
OTTO VON 

BAEYER, OTTO HAHN, and LISE MEITNER (PhysikaZ. Zeitsch., 191 1 ,  12, 
273-2'79).-The photographic examination of the magnetic spectrum 
of the P-rays of the active deposit of thorium distinguishes three 
homogeneous groups of rays, tha t  from thorium-A with velocity 0.63, 
and two very easily deviable groups with velocities 0-34 and 0.28 
(velocity of light = 1).  There is another feeble group of homogeneous 
rays of velocity 0.72. The P-rays of thorium-D are not homogeneous, 
and range in  velocity from 0.93 to 0.95. These results, taken in 
conjunction with others, lead to the general conclusion that P-rays 
above 70-80% of the velocity of light are more or less heterogeneous, 
whilst P-rays of lower velocity are homogeneous. The slower P-rays 
in passage through matter suffer reduction of velocity without loss of 
homogeneity. Thus the two groups of velocity 0.63 and 0-72, after 
passage through 0.045 mm. of alutllinium, had velocities 0.57 and 0.68. 
The faster P-rays through passage of 0.3 mm. of copper, and 0.1 mni. 
of platinum, did not experience a chsiige of velocity of 1%. The 
degree of heterogeneity was not affected. The heterogeneity is 
probably impressed upon the beam in the immediate neighbourhood 
of the point of expulsion of the rays through a reflexion or secondary 
radiation effect. The former conclusion that the exponential law of 
absorption of P-rays indicates homogeneity is modified in consequence 
of these results. F. S. 

The Influence of Radium Rays on the Photo-electric 
Sensitiveness of Metals. H. DEMBER (Ber. Deut. physikal. Ges., 
1911, 13, 313--327).-The influence of a-, P-, and y-rays otl the photo- 
electric activity of metals has been examined. With a copper plate 

F. S. 

disintegration, of which no rays have yet been observed. 

The p-Rays of the Active Deposit of Thorium. 
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in  a high vacuum, the photo-electric activity is unaltered when the 
plate is acted on by a-, p-, and y-rays. With a platinum plate in 
similar circumstances, the photo-electric activity increases under the 
influence of a-rays, but this is due to the secondary effect, which 
consists in the removal of the adsorbed gases when the surface of the 
plate is bombarded by the a-particles. I n  air a t  atmospheric pressure 
the phenomena of photo-electric fatigue, first observed by Crowther, 
are exhibited, but this is sbown to be due to  the ozone which is 
generated by the acting rays, and not to an  action of the rays on the 
metal itself. H. M. D. 

The Production of Charac te r i s t ic  Rontgen .Radiations. 
R. WHIDUINGTON (Proc. Camb. Phil. Soc., 1911, 18, 150-154*).- 
When an element is acted on by primary Rontgen radiation of 
sufficiently high penetrating power, it emits a characteristic secondary 
radiation. I n  order to determine the nature of the primary radiation 
which is just sufficiently penetrating t o  cause an  element to emit its 
characteristic secondary rays, the author has made experiments with 
cathode rays of diff erent velocities. The critical velocities, which 
correspond with the commencement of the emission of the character- 
istic rays, were found to be as follows : aluminium 2.8, chromium 5.1, 
iron 5.7, nickel 6.1, copper 6.18, zinc 6.24, selenium 7.25 x 109cm. per 
second. These numbers show clearly that the critical velocity is nearly 
proportional to the atomic weight of the emitting element. 

It has also been found that the energy of the Rontgen radiation for 
cathode rays of given velocity is proportional to the magnitude of the 
cathode ray current. 

The I n t e n s i t y  of Secondary Homogeneous  Rontgen Radia- 
tion f r o m  Compounds .  J. CROSBY CHAPMAN and E. D. GUEST 
(PTOC. Carnb. Phil. ~Soc,, 1911, 16, 136--141).-Measurements have 
been made of the characteristic secondary Rontgen radiation which is 
emitted by strontium in the form of chloride and sulphate, and by tin 
as free metal and in the form of the nitrate. Stmdardised rays from 
an X-ray bulb were alIowed to fall on a thin sbeet of the metal or 
compound under investigation, and the secondary radiation measured 
by means of a Wilson tilted electroscope. The experimental data 
show that tbe intensity of the characteristic secondary radiation is 
solely dependent on the quantity of the emitting element present, and 
is therefore a purely atomic phenomenon. This result supports the 
view that the characteristic secondary radiation does not result from 
the subsequent bombardment of atoms by ejected electrons, for, if this 
were so, the intensities of the radiation from a metal and its compounds 
could not be equal. 

The Doppler Effect of Hydrogen Canal Rays. JORANNES 
STARK (Ber. h u t .  physikal. Ges., 1911, 13, 353--356).-The interpre- 
tation of observations on the Doppler effect exhibited by canal rays in 
hydrogen by Gehrcke and Reichenheim (this vol., ii, 166) is said to be 
inconsistent with experimental results obtained by other authors. 

H. M. D. 

H. M. D. 

H. M. D. 
* and Proc. Boy. Soc., 1911, A,  $5, 323-332. 
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The Action of Cathode Rays on Certain Minerals, and 
the Nature of the Mineral Colorations. CORNELIO DOELTER 
(Monatsh., 1911, 32, 299--318).-The colour changes produced by 
the action of cathode rays and in some cases of ultra-violet rays on 
rock salt, sylvine, corundum, zircon, ruby, topaz, kunzite, barytes, and 
celestine, have been examined. I n  the case of rock salt, the behaviour 
of the naturally-coloured blue mineral was compared with that of rock 
salt coloured artificially by means of sodium arid tha t  coloured by the 
action of cathode rays. The three forms exhibit considerable differ- 
ences in regard to the effect of high temperature and of ultra-violet 
light on the coloration. 

As yet no satisfactory explanation of the colour changes can be 
given. H. M. D. 

The Behaviour of Radium Emanation at Low Tempera- 
tures. R. W. BOYLE (Phil. Mag., 1911, [vi], 21, 72%-732).- 
The volatility of radium emanation at low temperatures ( -  130' to 
- 180') has been investigated by a new method, in which the emana- 

tion was contained in a bayonet-shaped tube drawn out t o  a fine tip at 
one end, where the emanation could be condensed, and closed at the 
other end with a very thin mica window, thin enough to allow a-rays 
to pass through. I n  this way the a-rays escaping from the window 
furnish a measure of the amount of emanation in the vapour phase, 
the a-rays from the condensed emanation not being able to impinge 
upon the window. The tip of the tube was cooled in pentane, 
surrounded with liquid air, which slowly evaporated, allowing the 
temperature to rise gradually while the ionisation produced by the 
a-rays mas obsyved. Wi th  large quantities of emanation and 
insensitive measuring apparatus, volatilisation appeared to take place 
sharply at about - 160°, but with smaller quantities of emanation and 
more sensitive measuring instruments, the volatilisation appeared to 
commence earlier, in one case as low as - 1'70'. The volatilisation 
appears to be normal, and occurs to a varying extent over a wide 
range of temperature. F. 5. 

Typical Cases of Secondary Emanations Produced by 
Uranium-X. W. E. HUFF (Ion, 1910, 2, 360--367).-Schmidt 
has established that the intensity of @rays set up in metals by the 
action of uranium-X follows the order of their atomic weights, and 
the author by direct methods of comparing secondary emanations has 
confirmed this result. F. M. G .  M. 

The Complex Nature of Radium-C. KASIMIR FAJANS 
(PhysikaE. Zeifsch., 191 1, 12, 369--378).-Recoil experiments with 
pure radium-C, deposited from the sulphuric acid solution of the active 
deposit from a large quantity of radium, on a nickel plate have 
established the view of Hahn and Meitner tha t  r ad ium4 is complex. 
The recoil product (radium-C2) gives out P-rays only, within the  experi- 
mental error of the same absorbability as the total P-radiation of the 
active deposit. The product radium-C2 has a half-period of 1.38 
minutes, its radioactive constant being 0*084[~ec.]-~. Since the 
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a-radiation of the active deposit does not come from radium-C2 or 
from its product, it must come from radium-C,; but the amount of 
radium-C, recoiled from radium-C, is very small, and is much more 
than to be expected of a P-ray recoil than of an  a-rayrecoil. The 
P-activity of the recoiled radium-C, is only 1/20,000th of tha t  of the 
source. Experiments on the recoil of radium-l) from the same source 
showed tha t  about 25% of the atoms of radium-l) formed are recoiled. 
It follows in consequence that radium-D must be the direct product of 
radium-C,, and not of radium-C,, and tha t  the production of radium-C, 
from radium-C, is the first case of a multiple disintegration experi- 
mentally observed. The series therefore runs : 

7( Ra-C, 
Ita-+Em- jRa-A-+Ra-B-+Ra-Ci ’ 

XRa-D +- Ra-E-+RaF--+ 
It is suggested tha t  radium-C, may be the parent of actinium. It is 
probable that only a small part of the P-rays of the active deposit are 
due to  radium-C,. The question as to what radiations the two kinds 
of disintegration of radium-C, are accompanied by remains to be investi- 
gated. The recoiled radium-C, is always accompanied by a minute 
amonnt of radium-C,,. which may be due to  the volatility of the  latter. 

I n  an  appendix [with WALTER MAKOWER] the phenomenon of the 
recoil of radium-C, in  a high vacuum is investigated. No greater 
quantity of radium-C, was obtained, than  a t  atmospheric pressure in 
an  electric field, but the quantity of radium-C1 was increased about 
fifty times. F. S. 

The Radioactivity of Some Igneous Rocks from Antarctic 
Regions. A 4 ~ ~ o ~ ~  L. FLETCHER (PM. ,Wag., 1911, [vi], 21, 
770--773).-The radium and thorium contents of 13 specimens of 
rock from the Antarctic region of S. Victorialand have been deter- 
mined. The richest was a Kenyt lava, coloured red by infiltration of 
geyser water, which contained 4.02 x 20-12 radium and 1.84 x lW5 
of thorium (grams per gram). Three other specimens contained 
above 2 and 1.3, two above 1 . 3  and 0.7, and the remainder below 
1.0 and 0.5 respectively for the radium and thorium in  the above 
units. Remarkable constancy occurred in both radium and thorium 
in  specimens from the same locality, independently of the chemical or 
petrographical character of the rock, the ratio of the radium to the 
thorium being remarkably constant in all the specimens at about 
1.7 x low7. Tests to see whether the presence of thorium interfered 
with the method employed to estimate the radium gave negative 
results. F. 8. 

The Association of Lead with Uranium in Rock-Minerals, 
and i ts  Application t o  the Measurement of Geological Time. 
ARTHUR HOLMES (PYOC. Boy.  SOC., 1911, A ,  85, 248--256).-For 
minerals of the same age, the ratio of lead to uranium should be a 
constant if the  lead originates from the uranium. By working on 
certain minerals, such as thorite, zircon, and certain apatites and 
spheues, which segregate within themselves on crystallisation a much 
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larger proportion of uranium than is contained in the magma, the 
amount of lead initially present may be neglected. If changes in the 
amounts of lead and uranium occiir, due to external chemical agencies, 
it is improbable that the two elements will be equally affected, so 
that if constancy of ratio of these two elements is found, i t  may ba 
assumed that the mineral has not undergone appreciable alteration. 
These considerations limit the investigatioti to fresh, stable, priuiary 
rock-minerals, and those from the Christiania district of Norway, a 
geologically depressed area of 4000 square miles separated on every 
side by faults from the surrounding Pre-Cambrian gneiss, have been 
selected, the minerals being a series of thorite-bearing nepheline- 
syenites, probably of lower Devonian age. The uranium was 
estimated by means of the radium emanation and the lead gravi- 
metrically as sulphate, and also colorimetrically by Harcourt’s 
method (Trnns., 1910, 9’7, 841), the amount of copper and bismuth 
being negligible. I n  seventeen minerals arranged in the order of 
urauiurn content, the Pb/U ratio of the first fifteen varied from 
0.041 to 0.068. With few exceptions the ratio increased somewhat as 
the uranium decreased, possibly due t o  the lead initially present in 
the magma having a gradually increasing relative importance. For 
the last two minerals, nepheline and felspar, the amount of uraniuru 
was only 0.001 and 0.0006%, the Pb/U ratio being 0 4 and 0.5. The 
mean value taken for the age-estimation was Pb/U = 0,046, which gives 
the age as 370 million years. The analyses collected by Boltwood of 
the uranium and lead in minerals are discussed with reference to the 
probable ages of the minerals. Wherever the geological evidence is 
clear, it is in agreement with that derived from the Pb/U ratio. The 
ages indicated by the latter are as follow : Carboniferous 340; 
Devonian 370 ; Pre-carboniferous 410 ; Siluriari or Ordovician 430 ; 
Pre-Cambrian, (a) Sweden 1025 and 1275 ; (b) U.S.A., 1310 and 1435 ; 

The Emission of Negative Electrons by Heated Potassium 
and Sodium, and the Gonductivity of the Vapours of These 
Metals. KARL FBEDENHAGEN (Z’hysikal. Zeitsch., 19 1 I, 12, 398-408).- 
Measurements have been made of the electrical conductivity of the 
vapours of sodium and potassium heated in highly exhausted tubes. 
When the exhaustion of the tubes is sufficiently high, ths  galvanometer 
indications at gradually increasing voltages indicate the existence of 
saturation currents. This is more clearly marked in sodium than in 
potassium vapour. The magnitude of the saturation current in- 
creases with the temperature in accordance with the exponential 
formula deduced by Richardson. 

By means of experiments with the superheated vapours, it has been 
found that the current is almost entirely due to  the emission of 
electrons by the heated metals. If, in addition, the vnpours have a 
specific conductivity, the magnitude of this a t  temperatures below 350° 
is so small as to elude detection. 

Radiation of Rubidium. EMILE HENRIOT (Compt. rend., 19 1 1, 
152, 1384-1386. Compare Abstr., 1910, ii, 67S).-‘l‘he radiation 
from rubidium is more intense, but less penetrating, than that from 

(c) Ceylon 1640 ; in millions of years. F. s. 

H. M. D. 
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potassium. The rays are almost homogeneous ; their coeflicient of 
abeorption by paper diminishes as the thickness increases, and is given 
by the equation : Kp/Ro = 0.90e-162p + O*10e-950p, where X,, is the 
intensity of radiation traversing p, the weight of paper per square CITI. 

A close proportionality exists between the  radiation and the 

The Velocity of the IonrJ of Alkali Salt Vapours in Flames. 
HAROLD A. WILSON (Phil. Mag., 1911, [vi], 21, 711--718).-The 
results of earlier experiments on the conductivity of flames containing 
vapours of salts of the alkali-metals indicate that the positive ions are 
atoms of the alkali-metals carrying single atomic charges, but this is 
difficult to reconcile with the fact that  the velocities of these ions are 
the same for all the alkali-metals. The results are re-examined from 
the point of view tha t  the alkali-metal atoms in the flames exist as 
ions for only a fraction of the time, the experimental values found for 
the velocities being then the  true velocities multiplied by these 
fractions. These fractions, deduced from the experimental data, are 
found t o  vary from 0.21 for the lithium ion to 0.99 for the caesium 
ion, on the assumption tha t  the fraction varies as the square root of 
the atomic weight. This assumption is found to be in approximate 
agreement with the experimental data. 

Velocities of the Electrons Produced by Ultra-violet Light. 
A. LL. HUGHES (Proc. Camb. Phil. XOC., 1911, 16, 167--174).-Tbe 
influence of the nature of the  surface layer on the velocity of emission 
of electrons by metals when excited by ultra-violet light has been 
investigated. Experiments were made with nickel, copper, zinc, 
cadmium, and mercury, and the eff'ect of using the metal as anode and 
cathode, of allowing the metal to remain in  different gases, and of 
preparing metal surfaces by distillation in a vacuum, was examined. 

The results obtained show tha t  these various forms of treatment 
give rise to considerable differences in the velocity of emission of the 
electrons. The surfaces obtained by distillation in a liquid air  
vacuum are more likely to be free from surface films than those which 
have been treated by a discharge. I n  support of this view, it is found 
tha t  the increased velocities obtained for the fresh surfaces are much 
more constant and remain steadier than the values obtained after a 
discharge. X7ith ordinary polished metal surfaces, the low values of 
emission appear to be due to  the presence of a retarding surface film. 

The Influence of Changes of Temperature and Pressure 
in Gases on the Movement of the Ions Shown by Ultra- 
violet Light. ALOIS F. KOVARIK and C. ZAKRZEWSKI (Zon, 1910, 2, 
289--314).-A description of the apparatus and methods employed in 
an  investigation to determine the influence of temperature and pressure 
on the size of the negative ions in plates of metal in dry and wet air 
and in carbon dioxide. 

The results indicated that the mobility of ions is greater in dry 
than in wet air, greater in air  than in carbon dioxide, and independent 
of the nature of the metal. Down to  pressures of 200 mm. the 

proportion of rubidium in the  salts of the metal. w. 0. w. 

F. 8. 

H. M. D. 
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product, of the niobility and pressure rehain const,ant ; below 200 mm. 
the product increases as  the pressure decreases, especially rapidly at 
very low pressures. 

Wi th  rising temperatures, tho mobility increases, and a t  very high 
temperatures is inversely proportional to the  density of the gas. At 
liquefaction temperatures, the mobility is much less than would corre- 
spond with the density of the gas, so tha t  here the assumption of 
larger molecular aggregates appears to be justified. 

The Question of Valency in Gaseous Ionisation. R. A. 
MILLIKAN and HARVEY FLETCHER, ( P I d  Mccg., 191 1, fvi], 21, 753-770. 
Compare this vol., ii, 175).-Direct unmistakable evidence has 
been obtained tha t  the act of ionisation of air  molecules by both 
primary and secondary X-rays of widely varying degrees of hardness, 
acd by p- and y-rays, consists, under all conditions examined, 
uniformly in the detachment of a neutral molecule of one single 
elementary ckarge. The method employed mas to measure by a 
cathetometer the velocity of an  illuminated single drop of oil under 
the joint action of gravity, and an opposed electric field, when it was 
kept near the upper, negative, plate of a condensor, while a sheet of 
X-ray ionisation was produced parallel and near to the lower, positive, 
plate. The drop was first so charged that the action of gravity 
nearly balanced tha t  of the field ; the X-rays were applied until a 
sudden start  indicated that an  ion had been caught by the drop, when 
the X-rays were stopped, the velocity was measured, the X-rays again 
applied until there was another sudden change of velocity, and so on, 
the movement of the same drop being often observed for several 
hours. The whole of the observations, with a very few doubtful 
exceptions, which are probably due to the simultaneous arrival of two 
ions, indicate that the charge of the drop changes its value by single 
atomic charges. Under the conditious, all but a few per cent. of the 
‘‘ catches ” are of positive ions, and the smallness of the number of 
catches of negative ions is regarded as conclusive evidence tha t  the 
greater part of the ionisation of the gas by X-rays is due directly to 
the  primary rays, and not to secondary X-rays generated from them. 
The evidence derived from the work of Townsend and others tha t  the 
positive ions produced by X-rays, particularly soft secondary X-rays, 
are doubly charged, is reviewed. The present experiments differ from 
earlier ones in tha t  the charge on the ion is not measured after the 
ion has been formed for a considerable time, but is the charge a t  the 
moment of formation. The atomic structure of electricity is beautifully 
demonstrated by these experiments. For a single drop, three or four 
totally different velocities, due to  an  increment of the positive charge 
by one, two, three, or sometimes four, atomic charges, are observed, 
and no intermediate velocities ever occur. The different velocities 
are so characteristic t h a t  they can be distinguished by the eye unaided 
by a match or chronometer. 

A Special Case of Distribution of Ionisation in a Gas. 
Thin Superficial Layer Containing Ions of B o t h  Signs. 
MAURICE DE BL-~OGLIE (Compt.  rend., 1911, 152, 1298--1299. 
Compare this vol., ii, 356).--The production of a thin layer of ions on 

F. M. G,  M. 

F. S.  

VOL. c. ii. 39 
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the  sureace of quinine sulphate in  process of hydration is somewhat 
analogous . to  the  phenomena observed when Rontgen rays impinge 
tangentially on a metallic plate, except tha t  in  the latter case only 
negative ions are  produced, and t h e  layer has a n  appreciable thickness 
owing t o  secondary radiations. The extreme tenuity of the  layer over 
the  quinine sulphate crystals is sufficient to  account for the  difficulty 
in  arriving at saturation, since the electrical field acts by diminishing 
t h e  initial re-combination of the  ions. w, 0. w. 

Electric Disparsion of Water and Ethyl Alcohol for Very 
Short Waves. H. MERCZYNG (Bull. Acad. Sci. Cracow, 1911, 
123--133).-The refraction of electric waves by water and  ethyl 
alcohol has been measured for wave-lengths ranging from 3.5 to  
4.5 cms. For these waves the refractive index is appreciably different 
from the  value for i n h i t e l y  long waves, and the measurements afford 
information therefore as  to  the  form of the  dispersion curve. I n  the  
case of water, i t  is found t h a t  the refractive index increases with the 
wave-length. Both liquids exhibit anomalous dispersion. 

H. 31. I>. 

The Electrical and Optical Behaviour of the Chlorine 
Flame. J. FRANCK and P. PRINGSHEIN (Ber. Bewt .  physzkal. Ges., 
191 1, 13, 328--334).-When the  electrical conductivity or a hydrogen 
chlorine flame is measured between unsymmetrical electrodes, a 
unipolar effect is observed, which is of opposite character t o  tha t  
exhibited by hydrogen or coal gas flames burning in  air. This 
difference in behaviour is found whether a continuous or a n  alternating 
current is sent through the  flame. I n  a similar manner, the  dependence 
of the  polarity on the temperature of the electrodes in  the chkr ine  
flame is the  reverse of t h a t  found in  the  hydrogen or coal gas flames. 
W i t h  two equal electrodes, the temperature of the  cathode is the chief 
factor which determines the  conductivity in the  latter, whereas the  
anode temperature is of primary importance in  the chlorine flame. 

These observations indicate that the mobility of the  positive ions in  
the chlorine flame is much greater than  t h a t  of the negative ions. Free 
electrons a re  therefore absent, and this is no doubt due t o  t h e  great 
affinity of the  molecules of electro-negative gases for electrons. 

The absence of the  yellow colour of sodium when this is introduced 
into the  chlorine flame is probably connected with the absence of 
electrons. If, however, an oscillatory spark discharge is passed 
through the flame containing a bead of sodium chloride, a n  intense 
D-line emission is at once obtained. H. M. D. 

The Relation of the Electrical Conductivity of Some Silver 
Amalgams to  Temperature. ANTONIO REYES CALVO (Ion, 1910, 
2, 409--410).-The author measured the electrical resistance of very 
dilute silver amalgams (up t o  0.06% Ag) between the  temperatures of 
0' and 20°, and found tha t  at all concentmtions it was merely a 
function of temperature. 

At constant temperatures the resistance decreased with the  rise of 
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concentration, and yielded a curve which was concave to the 
concentration axis. P. M. G. M. 

The Conductivity of a Cadmium Amalgam. ANTONIO REYES 
CALVO ( lon ,  1910, 2, 408--409).-The tabulated results of experi- 
ments on the conductivity of various cadmium amalgami measured at 
different temperatures. Wi th  more than 176 of cadmium present, 
conductivity increased with the temperature, first quickly, then more 
slowly, until a transition point mas reached and i t  became rectilinear. 
Incredsed concentration raised the tempsrature of the tr'tnsition 
point. For very dilute amalgams, the conductivity between 0" and SO" 
may be represented by quadratic equations. F. 111. G. M. 

Liquid Helium. G. The Change of Electric Resistance of 
Pure Metals at Very Low Temperatures. IV. The [Electrical) 
Resistance of Pure Mercury at Helium Temperatures. 
H. KAMERLINGH ONNES ( PTOC. I{. AkacZ. UTetensch. Antsterclum, 19 1 I ,  
13, 1274-1276. Compare this vol., i i ,  368, 487).-Yhe electrical 
resistance of pure mercury a t  liquid helium temperatures has been 
measured by the aid of a helium crgostat. At 13.9" (absolute) the 
resistance is 0.034 of tha t  of solid mercuiy a t  273' (obtained by 
extrapolation); a t  4 . 3 O  it is 0.0013, and a t  3" i t  is less than 0.0001. 
This shows tha t  the resistance of mercury, like that of gold, becomes 
zero a t  a temperature which is experimentally attainable and 
appreciably higher than the absolute zero. The observations agi et. 
with the behaviour predicted by the author on the basis of Planck's 
theory. H M. D. 

Electrical Resistance of Antimony Selenides. HEKRI P ~ L A B O N  
(Compt. rend., 1911, 152, 1302-1305. Compare Chietitn, Abstr., 
1906, ii, 550),--The specific resistance of mixtures of antimony and 
selenium increases with the proportion of selenium until t h i s  
corresponds with the compound Sb,Se,. For mixtures containing 
less selenium than the compound SbSe, the specific resistance 
increases regularly with the temperature, and, on cooling, diminishes 
to  the same extent. With higher proportions of selenium, i t  reaches 
a maximum as the temperature is raised, and then diminishes until 
fusion. If the mixture is then cooled, the values for the resistance are 
much higher than the original numbers, and the maximum occurs a t  ZL 

lower temperature. w. 0. w. 

Electromotive Force Produced by the Flow of Copper 
Sulphate Solution through a Capillary Tube. L. RIE~Y (Compt.  
?*end., 191 1, 152, 1375--1376).-A difference of potential of about 
0.03 volt is observed between the ends of a capillary tube when a n  
aqueous solution containing 1% of crystallised copper sulphate passes 
through, under a pressure of 90 atmospheres. The difference 1s pro- 
portional to the pressure, and diminishes as  the proportion of coppw 
sulphate increases. w. 0. w, 

39-2 
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The Temy)erature-coefficient of Concent ra t ion  Cells, in 
which the Same Salt is Dissolved in TVO Different Solvents. 
ARTHUR P. LAURIE (Proc.  Boy. SOC. h'din., 1911, 31,375-396. Corn- 
pare Abstr., 1908, ii, 1007).-The B.LU,P. of the cell : Pt I0.025KI + 
0*01381, in water 10.025KI + x12 in alcohol I Pt, gradually changes from 
a positive value to a negative one as x varies from 0.043 to 0,345, both 
at 14' and 25", current in the direction of transferriug potassium 
iodides from alcohol to water being defined as positive. This is in 
accord with the theory of such cells, as developed by Luther (Abstr., 
1896, ii, 461) and Abel (Abstr., 1906, ii, 722). The curves showing 
the relation between the i7.M.F. and x are roughly logarithmic, with 
approximately the same temperature-coefficients. Similar results 
were obtained with cells in which the alcohol was replaced by 
nitrobenzene, and with alcohol-water cells with potassium iodide in 
solution and silver-silver iodide electrodes. Using Abel's results as a 
starting point, it is shown theoretically that there is a connexion 
between the latent heats of solution and the observed results, of the 
form E= A' - X + Z'.de/dt, where A' and X are the latent heats due 
t o  the solution of one gram-mol. of potassium iodide in water and 
alcohol respectively (calling heat absorbed positive), E is the E.McF., 
and de/dt is the temperature-coefficient. 

Starting with the cell Ag,AgI I0.001KI in water I0.001KI in 
alcohol I Ag, AgI, the concentrations of the aqueous solutions were 
varied from 0.001 to 0-1 and the Z.M.F.'s measured. As the con- 
centration of the aqueous solution increases, the E.M.F. changes from 
positive to  negative, and the results are in accordance with the 
equation E -  RY'(1og.C x x - log-C'), where x is a constant, and C and 
C" are the concentrations of the alcoholic and aqueous solutions 
respectively . 

It is further shown that the condition of electrical equilibrium in 
the potassium iodide-water-alcohol cell is not when both solutions are 
saturated with the salt, but is when the strength of the water 
solution is such that diffusion produces no salt precipitation when i t  
is in contact with alcohol saturated with potassium iodide. This 
equilibrium is reached when the strength of the water solution is 
about 2 mols. of potassium iodide per 1000 C.C. T. S. P. 

Electrochemical Behaviour of Tin. FRITZ FOERSTER and J. 
YAMASAKI (Zeitsch. Elektmchern., 19 11, 17, 361-374).-The following 
potentials, referred to the normal hydrogen electrode, are measured 
a t  1 8 O :  

Sn 10.9 mol. SnC1, per litre = - 0.188 volt ; Sn [ 0.49 mol. SnSO, per 
litre = - 0.190 volt ; S n  10.49 mol. SnC1, in N-HCl = - 0.204 volt. 

PtgI0.25 mol. SnI1+0.25 mol. SnIV in N-NH,Cl= +0*131 volt ; 
Pt 10.25 mol. Sn" + 0.25 mol. SnIV in 05N-HCI = + 0.158 volt : Pt I 
0.25 mol. Snl'+ 0.25 mol. SnIV in 2&HC1= + 0.138 volt. 

The effect of adding ammonium chloride or sulphate to the stannous 
solutions is also studied. The results indicate that the stannous salts 
exist largely in the complex forms in aqueous solution. The stannous- 
stannic potentials only become constant after several hours ; the 
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change is attributed to the diminution of the concentration of the 
stannic ions by hydrolysis ; it hardly occurs in  strongly acid solutions. 

The electrolytic reduction of stannic to stannous chloride a t  
platinised platinum cathodes is studied. A t the ordinary temperature 
the change is a slow one, so tha t  a comparatively small increase of 
current density changes the cathode potential so much tha t  t in  is 
deposited (in 2N-acid solutions) or hydrogen is evolved (in GN- 
hydrochloric acid). 

The retardation of the  reduction disappears almost entirely at 
higher temperatures (50-75’), and it is diminished by increase of 
the concentration of the stannic chloride or of the hydrochloric acid 
in the solution. T. E. 

Thermodynamics of the Cell; Hg, HgCI, PbCl,, Pb. ROBERT 
LUTHER (Zeitsch. Elektrochem., 191 1, 1’7, 293-294).-.E’rom measure- 
ments of the E..~k!.l“. of the above cell, the heat of the reaction 
P b  + ZHgCl= PbCl, + ZHg, is calculated to be + 21900 cals., direct 
thermochemical measurements having given 20100 csls. T. E. 

Mercurous Perchlorate Voltameter. FRANK C. MATHERS and 
ALBERT F. 0. GERMANN (Indiana University Studies, 1910, 41-49). 
-An acid solution of mercurous perchlorate is made by electrolysing 
a strong solution of perchloric acid with a mercury anode and a small 
platinum cathode. Conductivity measurements show tha t  a solution 
of perchloric acid containing 0.43 gram per C.C. has the  best con- 
ductivity. The conductivity of solutions of mercurous perchlorate 
increases slowly with the concentration, but the addition of free acid 
increases it greatly. For the voltameter, a solution containing 0.642 
gram of mercurous perchlorate, 0.2836 gram of perchloric acid, and 
0.04 gram of sodium perchlorate per C.C. was used. Without the 
sodium salt, a part  of the  mercury is deposited in the form of a black 
powder. I n  the voltameter the anode consists of 20 or 30 grams of 
mercury supported by a layer of glass wool on the bottom of a Gooch 
crucible, which is suspended in the electrolyte. The mercury cathode 
is placed below the anode, and is contained in a capillary tube with 
marks upon it ,  so tha t  after a determination the  mercury deposited 
may be run off exactly and either weighed or  measured. A number of 
comparisons with silver and copper voltameters Ehom that the error 
does not exceed about k 0.4%. T. E. 

The Dissociation of Amphoteric Electrolytes. LEONOR 
MICHAELIS (Biochem. Zeitsch., 1911, 33, lSZ-lS9),-1f p be the 
proportion of undissociated molecules of an  amphoteric electrolyte, then 
p -- 1/(1 +&/[He] +kl , / [OH’]) ,  where k, is the  acid, and k b  the basic 
dissociation constant. ‘The form of the curve when the hydrogen ion con- 
centration is plotted as abscissze, and p as ordinates, will depend on 
the magnitude of the  product kz.k8, which is characteristic for  any  
particular amphoteric substance. The maxima of these curves are 
the isoelectric points. The smaller ka.kb, the higher is the maximum 
above the  abscissae. When it reaches 10-14, the maximum reaches 1 
(that is, the substance is entirely undissociated). I n  electrolytes of 
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smaller value, there is a broad zone of hydrogen ion concentrations in  
which the  substance is not  dissociated. This Is the  case with tyrosine, 
leucine, and arsenious acid. Substances where k,.kbSl 0-14 do not 
appear to  be capable of existing. S. B. S. 

Alterations in the Concentration of the Solution of a 
Magnetisable Salt in a Non-Homogeneous Magnetic Field. 
WOLDEMAR VOTGT [with STATFSCU] (Chem. Zentr , 1911, i, 862-863 ; 
f rom Nnchr. K. Ges. JViss. Giittingen, 1910, 545--553).-Theory 
demands t h a t  concentr:i tion differences should be brought about in  
the  solution of a magnetic salt placed in  a non-homogeneous magnetic 
field. If a solution of such a sal t  is placed in a containing vessel 
so tha t  the  concentration of the  solution varies in  the vertical 
direction, an  almost horizontal beam of light is deviated through the  
angle a, where a == DK(n2 - n.,2)dH2/4n2pBT.dx, and D is the  thickness of 
the  vessel, K the. magnetisation number, rt and no the  refractive indices 
of the  solution and solvent respectively, B the’ Boyle’s constant for  t h e  
solution, which is considered t o  obey the  gas lams, T the  absolute 
temperature, p the density of the  dissolved salt, H the intensity of the  
magnetic field. 

For a 20% solution of ferric chloride, u was found to  be 3.5 x 
whilst according to  the above formula it should have been 5 x 
If the  dissociation of the  ferric chloride is taken into account a better 
agreement is obtained. T. S. P. 
’ The Thernio . electric Effects (Thermo-electric Forces, Thom- 
son Effect) and the Thermal Conductivity of Certain Elements 
and Conipounds and the Experimental Examination of the 
Electron Theories. JOHANN KOENIGSBEHGER and J. WEJSS (Ann. 
Yiysik,  191 1, [iv], 35, 1--46).-The thermo-electric properties and 
the  thermal conductivit>y of silicon, molybdenite, iron pyrites, 
magnetite, ilmenite, manganite, ferric oxide, and graphite have been 
investigated. A method of measuring the  thermal changes corre- 
sponding with the Thomson effect is described, in  which short rods of 
the  material are employed indead  of long mires. The thermo-electric 
differences of potential at 50’ of the  various substances in  contact 
with copper vary from + 770 x 10-6 volt in  the case of molybdenite to  
-700 x 10-6 volt for impure silicon. The experimental data a re  

discussed in  detail in  reference t o  various deductions from the  
theory of electrons. H. M. D. 

Kinetic Theory of Gases and Thermodynamics. A. BER- 
THOUD (J. Chirn. Pl~ys., 191 1, 9, 352-381).-Considered thermo- 
dynamically a gaseous system is in equilibrium when its entropy is at 
i t s  maximum. By the  kinetic hypothesis, if all the  molecules mere 
a t  the  same temperature at any  moment, they would immediately 
assume a variety of temperatures from zero t o  infinity, This process 
being accompanied by a decrease of entropy is impossible thermo- 
dynamically. To meet this difficulty, the author  assumes t h a t  each 
group of molecules of any  particular velocity behaves as  a “tempera- 
tu re  isomeride ” and distributes itself uniformly throughout the 
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whok system as if i t  were chemically unlike all similar groups 
of different velocity or temperature. Using this hypothesi., the  law 
relating the mean temperature to the proportion of molecules comprised 
between any two given temperatures was deduced on the principle of 
maximum entropy with the additional assumption that a rise in the 
mean temperature is accompanied by a proportional rise in yelocity of 
all the molecules in  the system. The relation deduced is identical 
with tha t  deduced from Maxwell’s formula in the case of monatomic 
gases. Wi th  polyatomic gases Maxwell’s formula and the thermo- 
dynamic reasoning are not in accord unless Maxwell’s formula is 
modified by substituting for the exponent 3 (the heat capacity of 
a monatomic gis) the value C, of the heat capacity of the gas 
con sidered. 

The author holds that Maxwell did not take into account the 
participation of internal rnolecrilar energy in  the redistribution of 
energy which follows each molecular collision. Hence Maxwell’s 
formula only holds for monatomic gases which have no internal 
energy. H. J. C. 

Dynamics of a Gas in Motion According to the Theory of 
Relativity. PERENCZ JUTTNER ( 4 9 2 7 2 .  Yhystk., 191 1, 35, 145-1 6 I .)- 
A matbematical paper in which the author deduces the thermo- 
dynamic functions of a monatomic gas in motion on the basis of tho 
theory of relativity. H. M. D. 

Thermal Conductivity of Liquids. ROBERT GOLDSCHMIDT 
(Physikatl. Zeitsch., 19 11, 12, 417-4%4).-The method of measure- 
ment employed is similar t o  tha t  used by Schleiermacher ( A m .  
Physik, 1888, 34, 623) in the determination of the thermal con- 
ductivity of gases a t  low pressures. A platinum wire of 0.05 mm. 
diameter is stretched by means of a spring along the axis of a silver 
capillary tube, 2 mm. wide, which is in direct contact with a massive 
cylinder of brass which completely surrounds the capillary. This 
arrangement ensures constancy of the temperature of the silver 
capillary throughout its whole length. The brass cylinder is supported 
in  a Dewar tube which contains the liquid under investigation. The 
liquid fills the capillary tube, the main object of which is to eliminate 
to  a large extent the disturbances which would otherwise result from 
convection. The errors which occur from the heat exchanges at the 
ends of the heated platinum wire can be avoided by the use of a 
shorter compensating wire which is fitted up i n  an  exactly similar 
manner. 

A current of known strength is passed through the platinum wire 
until a stationary condition is reached. The resistance of t h e  wire in 
this condition is measured, and from the current intensity and the wire 
resistance, the temperature of the wire and the thermal conductivity of 
the surrounding liquid can be calculated. 

Measurements have been made for  a number of organic liquids. 
From the data for the alcohols it appears tha t  the conductivity 
decreaFes as the molecular weight increases and as the structure 
becomes more symmetrical. For pentane, measurements were made over 
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an interval of 210°, and for ethyl ether and toluene over 94". I n  all 
cases the temperature-coefficient is negative, and varies from 0.2 to  
1.5% per degree. H. M. D. 

The Specific Heat of Water. WILLIAM R. BOUSFTELD and W. 
ERIC BOUSFTELD (PhiZ. Trans., 1911, A,  211, 199-251 ; Proc. Roy. 
Xoc., 1911, A ,  85, 302-304).-The mechanical equivalent of heat 
has been determined in terms of the mean calorie from 13" to 55" by 
a continuous flow calorimetric method in which a current of water 
was passed through a Dewar vessel of three litres capacity containing 
an  electric heater. The water entered a t  about 13' and left a t  about 
55". The heater consisted of a spiral glass tube of small bore, into 
the end of which were sealed platinum electrodes. The mercury in 
this tube is connected with a thermometer tube, so tha t  the spiral 
forms a thermometer bulb. Such a mercury resistance is free from 
a '' thermoid " effect exhibited by ordinary resistances when a large 
current is passed through them. When this effect is present, the 
electric- resistance is not only dependent on the temperature, but also 
on the strength of the current. The passage of this appears to induce 
a state of strain which temporarily alters the resistance by an  amount 
which may reach several hundredths of a per cent. 

The continuous flow experiments gave J:; =4.182 for the value 
in  joules of the mean calorie between 13" and 55". By heating a 
known quantity of water in successive stages, the values of Jy, JE,  
J;;, and Jig were obtained. From these data the value of J at any 
temperature I3 is found to be given by the equation: J=4.2085 
- 0*0030228 + 0.0000783313~ - 0*00000049083. This yields 4-1 79 as 
the joule equivalent of the 15" calorie, and indicates a maximum 
specific heat corresponding with 4.174 joules a t  about 25". 

H. M. D. 

Specific Heats of Solids at Low Temperatures. HERMANN 
BARSCHALL (Zeitsch. Elektrochem., 19 11, 17,341-345).-The substance 
is cooled to  the temperature of liquid carbon dioxide and allowed to  
fall into liquid oxygen a t  its boiling point, the quantityof gas evolved 
is measured, and the specific heat calculated by means of the latent 
heat of evaporation of oxygen. The values of the specific heat 
between about -75' and -183.33 measured in this way a re :  Lead, 
0-0294 ; silver, 0.0492 ; cadmium, 0.0503 ; sulphur, 0.116 to 0.121 ; 
mercury, 0.0316 ; bromine, 0.073 ; mercuric iodide, 0.0375 ; lead 
iodide, 0.0377 ; lead bromide, 0.0463. T. E. 

The Atomic Heats of the Elements. JOHANN KOENIGSBERGER 
(Zeitsch. EEektFochem., 191 1, 17, 289--293).-The effect of free 
electrons on the atomic heat is discussed. A free electron has the 
same atomic heat as the atom of a monatomic gas. I n  metals the 
electrons remain free even at very low temperatures, whilst in bad 
conductors of electricity they are mostly combined. It is pointed out 
tha t  at low temperatures the atomic heats of bad conductors are much 
less than 3, whilst those of the metals are greater than 3. A t  high 
temperatures the atomic heat of a metal is made up of the part due to 
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the free electrons and tha t  due t o  the  motion of the  atoms. The 
latter, according to Einstein's views, is about 6, whilst t he  former is 
3 when the  metal contains one free electron per a tom;  as a matter 
of fact, the  atomic heats of many metals are nearly 9 at high 
temperatures. T. E. 

~ I L E  BAUD (Compt. rend., 1911, 
152, 1480--1483).-Traube has shown tha t  the co-volume of a liquid 
expands as a gas, proportionally to Y', the absolute temperature. The 
variation in molecular volume at the moment of solidification, A", is 
the difference between the co-volume of the  liquid, P, and the co-volume 
of the solid, V' ,  supposing tha t  the atoms of liquid and solid occupy 
the same volume. A t  constant temperature, t, it follows tha t :  
A V =  ( V -  V').T/(273 + t) .  Substituting this expression in Clapeyron's 
equation and integrating, this gives p = &/T.(273 + t) /(  V -  V') t ,  where 
Q is the molecular heat of fusion. At constant pressure &/T= 
k ( V -  Y')t ,  or, since Y -  7' is proportional to F, Q-lc(V- V'),.  The 
molecular heat of fusion of a substance should then be proportional t o  
the  variation in  volume a t  the temperature of fusion. This conclusion 
has been found to agree with recorded observations in the case of 
ethylene dibromide, the three xylenes, naphthalene, and antimony 
trichloride. w. 0. w. 

Gaseous Mixtures. Freezing - point Curves of Gaseous 
Systems. GEORQES RAUME (J. Chim. Phys., 191 1,9,245--289).-An 
apparatus has been constructed for the purpose of obtaining the 
liquidus curves of gaseous mixtures. The mixtures are synthesised 
volumetrically. 

Successive litres of gas a t  0' and a known pressure, which may be 
less than 760 mm., i f  necmssry, are distilled into the cryoscopic tube, 
which is cooled in liquid air. The gravimetric composition of the 
mixtures is  estimated from the densities of the gases, all the usual 
corrections being applied. The cryoscopic tube is provided with a 
magnetically operated platinum stirrer and a n  isopentane thermo- 
meter. 

The error in the estimation of the masses is probably 1 in 3000, but 
is certainly not more than 1%. The temperatures are accurate to 
about 0.25". 

The liquidus curve of the system methyl ether-hydrogen chloride 
was determined. Hydrogen chloride melted at - 11 1.4' and methyl 
ether at - 138*5O. The curve exhibits two maxima at - 97.1" and 
- 102*8O, the mixtures having the compositions Me,O,HCl and 

Me20,4HC1 respectively. Between these maxima, mixtures containing 
27 to 38% of molecules of methyl ether are highly viscous, giving 
vitreous solids, so tha t  the curve cannot be determined. 

Extrapolation suggests an  eutectic at about 30% of molecules of 
ether, but if the high viscosity indicates a third molecular compound 
there would be three maxima and four eutectic points in the complete 
liquidus curve. R. J. C. 

The Depression of the Freezing Points of Sodium and 
Calcium Chlorides. FRANCIS E. E. LAMPLOUQH (Proc. Camb. Phil. 
Soc., 1911, 16, 193--196).-Tbe following values were obtained for 

Molecular Heat of Fusion. 
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the  molar depression of the freezing point of calcium chloride : 
strontium chloride, 240 ; lithium chloride, 340 ; sodium chloride, 362 ; 
barium chloride, 380 ; potassium chloride, 448. From the  depression 
of the  freezing point of sodium chloride, t h e  calculated molecular 
lowerings are  : sodium bromide, 81 ; potassium chloride, 166 ; lithium 
chloride, 164 ; calcium chloride, lS0 ; strontium chloride, 176 ; barium 
chloride, 202 ; sodium carbonate, 180 ; sodium sulphate, 204. 

A complete series of freezing-point measurements for the  binary 
system, sodium and calcium chlorides, was also made. The freezing- 
point diagram is of the  simplest type, and exhibits a eutectic corre- 
sponding with about 50 mols. % of the  two chlorides and about 
495O. It is probable t h a t  the  components separate out  in  the  pure 
condition from all fused mixtures. H. M. D. 

Heat of Evaporation of Oxygen. HERMANN BARSCHALL (Zeitsch. 
EZeektrochern., 191 1, 17, 345---34S).-A known quantity of heat was 
added electrically to  liquid oxygen at i ts  boiling point, and the 
quantity of gas evolved was measured. Pull details of the  precautions 
taken to  avoid error a re  given. The results of six experiments gave 
values lying between 51023 and 51.38, mean 51.3 calories per gram a t  
763 mm. pressure. T. E. 

Influence of Water Vapour on Measurements in R McLeod 
Gauge. MARCEL GUICHARD (Bull. Xoc. china., 191 1, [iv], 9, 435-438). 
-Aqueous vapour behaves like a gas when its tension is low, so t h a t  
its pressure in a RlcLeod gauge is given by the  ordinary formula 
h = a.v/T/T- v, where h is the  initial pressure at volume V, and a, the  
increslse in pressure necessary t o  reduce V to  v. When the tension of 
aqrieous vapour is high, then under compression the vapour a t ta ins  its 
maximum tension,f, for the  temperature of the  surrounding atmosphere, 
and  under these conditions a =f- h. Further ,  a reaches i t s  maximum 
when h=fv/V, and decreases again for higher values of A. Con- 
sequently, when the  tension of aqueous vapour in an  apparatus rises 
from nil t o  i ts  value at saturation point, the values OF cli read on the 
gauge iccrease to  a maximum where h = f v / P  and then diminish, so 
that every value of LC corresponds with two initial tensions. Experi- 
mental data  confirming these conclusions are given. T. A. H. 

Optical Method of Measuring Vapour Preesures : Vapour 
Pressure and Apparent Superheating of Solid Bromine. 
CLIVE CUTHBERTSON and MAUDE CUTHBERTSON (Proc. Roy. SOC. , 19 11, 
A ,  85, 306-308).-The refractivity of bromine vapour has been 
measured by means of 3 amin's interferometer, the  refractometer tube 
of the  instrument being i n  communication with a reservoir containing 
solid bromine a t  a definite temperature. The temperature of the 
cooling bath was slowly raised, and the number of interference bands 
crossing the  field of view was counted. Assuming t h a t  the refractivity 
and the pressure are  proportional to  the  density of the  vapour, the 
refractometric observations can be used for the calculation of the  
vapour pressure a t  any  temperature if tho vapour pressure for one 
particular temperature is known, The calculated pressures can be 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
11

. D
ow

nl
oa

de
d 

on
 2

9/
10

/2
01

4 
02

:1
3:

33
. 

View Article Online

http://dx.doi.org/10.1039/ca9110005557


GENERAL AND PHYSICAL CHEMISTRY. ii. 583 

represented by means of the equation p = a,@, in which c6 = 2.485 x 
and b = 1.0834. 

Wi th  slowly rising or falling temperature, irregularities are 
observed a t  the molting point, which seem to show tha t  superheating 
and super-cooling take place. H. M. D. 

B i n a r y  Liquid So lu t ions .  C. MARILLER (Bull. Assoc. chirn. Sucr. 
Dist., 191 1, 28, 774--776).-The depression of the vapour pressure 
of ethyl ether by the  addition of foreign substances can be satis- 
factorily expressed by the equation lOOf/fl= 1 - KN, in  which f is the 
vapour pressure of ether,f that  of a solution which contains N-gram- 
molecules of the dissolved substance in  100 of the binary mixture, 
and R is a constant, approximately equal to unity, which is 
approximately independent of the nature of the dissolved substance. 

H. M. D. 

Hydro f luo r ides  of Alkali Fluorides. ROBERT de FORCRAND 
(Compt. rend., 1911, 152, 1556-1559. Compare this vol., ii, 488).- 
A review of salts of the type MF,KF from the thermochernical point 
of view. The following numbers express in Calories the heat of 
fixation of a molecule of solid hydrogen fluoride on a molecule of solid 
alkali fluoride : N a F  + 8.3, KF + 12.76, R b F  + 13.78, CsF+ 14.77. It 
will be seen tha t ,  as in the case of the heats of dissolution of the 
normal salts studied previously, the sodium salt stands somewhat apart 
from the  rest of the series. Although the stability of the  normal 
fluorides increases in the order given above, the contrary is found to  
be the case with the hydrofluorides. 

Rubidium and caesium fluorides are capable of absorbing excess of 
hydrogen fluoride to  form compounds containing 2HF and 3HF. 

w. 0. w. 
Derivatives of Styrene ; Rect i f lca t ion  of Some Exper i -  

mental Errors. PAUL LmouLT (Cornpt. rend., 1911, 152, 
1402--1404).-The author has determined the heats of combustion 
of styrene and a number of i ts  derivatives, and has obtained the 
following values (expressed in Calories), the first three of which differ 
considerably from those given by Auwers, Roth, and Eisenlohr 
(Abstr., 1910, ii, 586). Styrene, 1059.1, a-metbylstyrene, 1217.3 ; 
up-dimethylstyrene, 2510-3, di-p-methoxystilbene, 201 S. These numbers 
agree with the theoretical values calculated on the  assumption tha t  the 
hydrocarbons are unsaturated compounds, whereas those obtained by 
Auwers, Roth, and Eisenlohr are abnormal and correspond more closely 
with saturated compounds. The increase in  the heat of combustion 
when freshly distilled styrene is kept for a few hours, referred to by 
these authors, could not be confirmed. w. 0. w. 

The Value of the Critical Quan t i t i e s .  JOHANNES D. VAN DER 
WAALS (Proc. X .  Akad. IVetensch. Amsterdam, 1911, 13, 1211-1231).- 
A theoretical paper in which the author discusses the variation of 
the  term b in van der Waals’ equation with the  total volume 
occupied by the substance. H. M. D. 
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The Value of the Volumes  of the Go-existing Phases of 
a Simple Substance. JOHANNES D. VAN DER WAALS (Proc. I<. 
Akad. Wetensclh. Amstelrdccm, 191 1, 13, 1253--1262).-The cleviations 
exhibited by saturated vapours from the requirements of the van der 
MTaals’ equation are discussed in reference to the phenomenon of 
quasi-association. H. 1%. D. 

Weight of a Falling Drop and the Laws of Tate. I V  
Standardisation of a Tip, and the Calculation o f  the Surface- 
Tension and Molecular Weight of a Liquid from the Weight 
of its Falling Drop. J. LIVINGSTON R. MORGAN (J. Amer. Chanz. 
Soc., 1911, 33, 643--657).-1n the earlier papers (Abstr., 1908, 
ii, 356, 668; this vol., ii, 372) the standardisation of the tip of 
the capillary tube, that is, the determination of the normal molecular 
temperature-coefbient, k, of all non-associated liquids falling from it,  
was effected by means of Ramsay and Shields’ formula, connecting 
surface-tension with capillary rise. It is now shown that by this 
method the experimental error is multiplied to such an extent as 
to render the results misleading, and a new method has therefore 
been adopted which is based solely on the equation w ( M / d )  = k ( t ,  - t - 6). 
The surface-tension in dynes of any liquid a t  any temperature can be 
calculated by multiplying its drop weight in mg. from the tip at that 
temperature by the ratio of the li: value of surface-tension to the 
k value for the tip, both being found by the use of benzene (tc = 288.5’) 
as the standard. Any liquid, which, with the normal (benzene) value 
of k (An), gives the same calculated value of tc at all temperatures of 
observation must be regarded as R normal non-associated liquid, since 
this proves that the normal k is also the correct change per degree of 
its molecular function. The calculated value, t,, need not always 
agree with the observed value of the critical temperature, and this 
indicates that  whilst some liquids are in corresponding states when 
equally removed from their critical temperatures, others are only so 
when equally removed from another, fictitious, temperature. 

Aniline, pyridine, and quinoline are shown from this point of view 
to be perfectly normal in molecular weight. 

The application to drop weight of the empirical formula for 
calculating tc without a knowledge of the molecular weight as given 
by Walden (this vol., ii, 97) leads to results which differ but little 
from those calculated by means of k,. 

Weight of a Falling Drop and the Laws of Tate. V. 
Drop Weights of F i f t een  Non-assoc ia ted  Liquids  as Found 
by the Use of the N e w  Form of Apparatus, and the Molecular  
W e i g h t s  Calcu la ted  for Them.  J. LIVINGSTON R. MORGAN and 
EDGAR G. THOMSSEN (J. Amer. Chem. Xoc., 1911, 83, 657-672).-1t 
is shown, according to the new definition of molecular weight 
(preceding abstract), that  is, tha t  the constant kB gives for the liquid 
a constant value of t ,  independent of the temperature of observation, t ,  
in tha relation w(M/d)3 = kB(t, - t - 6), that ether, ethyl butyrate, 
anisole, thenetole, ethylene dibromide, chloroform, benzonitrile, and 
carbon disulphide must be regarded as non-associated. The same 

E. G. 
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coiiclusion can be reached from the results of capillary rise. The 
calculated values of t ,  agree closely with the observed critical 
temperatures in the cases of ether and chloroform, but the fictitious 
values of the critical temperatures found for the other liquids agree 
with those calculated from the capillary rise. The values of t,, both 
true and fictitious, found by the modified Walden method without 
the use of the molecular weight, agree as closely as could be expected. 
The calculated value, t,, for a mixture of equal weights of benzene and 
carbon tetrachloride is the mean of the values found for the two liquids 
separately. E. G. 

Weight of' a Falling Drop and the Laws of Tate. VI. Drop 
Weights of Twenty New Non-Associated Liquids and the 
Molecular Weights Calculated for Them. J. LIVINGSTON K. 
MORGAN and G. K. DAGHLTAN (J. Amer. Chem. Soc., 1311, 33, 
672--6S4).-It is shown, by using the new criterion of normal 
molecular weight (preceding abstracts), tha t  the following liquids are 
as completely non-dissociated as benzene : bromobenzene, bromine, 
ethylidene chloride, toluene, phosphorus trichloride, o-, m-, and 
p-xylenes, mesitylene, ethylbenzene, iodobenzene, fluorobenzene, 
cyrnene, ethylene dichloride, methylaniline, ethylaniline, isobutyl 
acetate, carbon disulphide, and dipheny lmethane. I n  the case of 
dimethylaniline, a somewhat abnormal value was obtained for the 
inolecular weight, but this was probably due to partial decomposition 
of the substance. 

The calculated values of tc agree closely with the observed values 
of the critical temperature in the cases of bromobenzene, bromine, 
ethylidene chloride, toluene, phosphorus trichloride, and o-, m-, and 
p-xylenes, whilst the difference between the calculated and observed 
values is less than 1% for mesitylene and but little greater for 
ethylbenzene and iodobenzene. The calculated values of t ,  from drop 
weight determinations agree well with those obtained from capillary 
rise in the case of eleven liquids which have been studied by the latter 
method, but the mean values from capillary rise for mesitylene and 
m-xylene do not accord with those calculated from the drop weight. 

The values of t,, calculated by the Walden method without the aid 
of molecular weight, agree well in only eight cases, out of sixteen to 
which it could be applied, with those calculated from k,, and it 
therefore seems that the relation is probably not so general as was at  
first supposed. E. G .  

Apparatus for Determination of Viscosities, Especially of 
Serum and Other Animal Fluids. LEO VON LIEBERMANN (Biochern. 
Zeitsch., 1911, 33, 218--221).-An apparatus is figured, in  which a 
gilded disk is allowed to vibrate in the liquid under investigation, and 
the time and amplitude of the vibrations are determined by means of 
reflexion of a beam of light on to a scale from a mirror attached to 
the wire suspending the disk. The comparative viscosities of two 
liquids can be calculated from the formula : 

where yl, yz are the viscosities, d,,d, the specific gravities, 5?,, TI 
d ? l Z  = 4/dl. T2J(r*(4 - X , P ,  - A,)*, 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
11

. D
ow

nl
oa

de
d 

on
 2

9/
10

/2
01

4 
02

:1
3:

33
. 

View Article Online

http://dx.doi.org/10.1039/ca9110005557


ii. 586 ABSTRACTS OF CHEMICAL PAPERS. 

the times, A,, A, the logaritlimic decrements of the amplitudes, 
and A, the logarithmic decrement of the amplitude in  air. The 
advantages and disadvantages of the method as applied to serum are 
described. S. B. S. 

Viscosity of Cellulose N i t r a t e  Solutions. C. PIEST (Zeitscli. 
angew. Chenz., 1911, 24, 968-972. Cornpitre Abstr., 1910, i, 464).- 
An account of an investigation on the viscosity of solutions of cellulose 
nitrates. The viscosities were measured by (1) Engler’s apparatus, 
(2)  Cochius’ viscometer, and (3) a viscometer, similar to tha t  of 
Cochius, in which the time taken by a hollow, glass bulb to rise 
through a given depth of liquid is measured. A description and 
sketch of this new form of viscometer is given. 

It is found that the ratios of the viscosities determined by the 
three methods vary with different solutions; in  other words, the 
viscosities obtained by the three methods cannot be compared with one 
another. 

The viscosity of a solution of cellulose nitrate is dependent on 
(1) the presence of impurities, such as  acetic acid, aldehyde, etc., (2) the 
duration and temperature of nitration of the cellulose, and (3) the 
presence of oxycelluloses and hydrocelluloses in the cellulose employed. 
All these factors produce a marked reduction of viscosity. Solutions 
of gun-cotton and collodion-wool also become less viscous when kept, 
although the change takes place very slowly. 

It is the  author’s opinion tha t  the viscosity of a colloidal celluloso 
nitrate solution is not determined by the magnitude of the cellulose 
nitrate mJlecule, but rather by the nature and size of the colloidnl 
particle. W. H. G. 

Viscos i ty  of Emulsions BANCELIN (Compt. rend., 1 9 1 1, 152, 
1382-1383. Compare Perrin, this vol., ii, 480).-The viscosity K’ of 
an  emulsion of mastic is found to agree with the equation 
h” = K( 1 + 2*9+), when K is the viscosity of the liquid containing i n  
suspension solid spheres, of total volume +, in unit volume of emulsion. 
Einstein (Ann. Physik, 1906, [iv], 19, 289) on theoretical grounds 
deduced the expression K’= K( 1 + +), but has now altered this to 
Iri’ = K (  1 + 2*5+) (private communication). The viscosity of sucrose 
and glycerol solutions is represented by a n  analogous formula, bu t  
carbamide and metallic salts show smaller coefficients of viscosity. 
Extrapolation from the first formula and from that expressing the 
coefficient of diffusion of an emulsion gives the value 70 x 
for N, the number of molecules in  a gram-molecule. w. 0. w. 

Dissociation of the Compound ThC1,,18NH3. EDOUARD 
CHAUVENET (Ann. Chirn. Yhys., 19 11, [viii], 23, 275-280. Compare 
Abatr., 1910, ii, 872).-Dry ammonia gas was passed through a tube 
reaching to the bottom of a small distillation flask containing anhydrous 
thorium chloride, a long manometer tube containing a mercury index 
being sealed to the side-tube. The air being displaced, the flask was 
immersed in acetone and snow until a quantity of liquid ntumonia had 
accumulated. The excess was then evaporated by placing the flask in 
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liquid methyl chloride. The (previously constricted) neck was then 
sealed off, at the same time the necessary mercury being poured into 
the gauge. Four observations of the dissociation pressure between 
350.5 and 281’ abs. were made, the results being plotted on a curve 
against the  absolute temperatures. 

From the diffeIence between the heats of formation of ThCI,,18NH3 
and ThCI4,12NH, previously determined by the author, the heat of 
fixation of 6NH, on the  latter has been found to be 8.83 cals. per mol. 
NH,. Dividing this quantity ( Q )  by the absolute temperature a t  
which the dissociation pressure equals 760 mm. (determined from the 
above-mentioned curve) gives practically the same value of &/T as  th3t 
found by Alatignon (Abstr., 1899, ii, 273) with other ammoniacal 
metallic chlorides. Moreover., substitution for p of the observed value of 
the dissociation pressure a t  281’ abs. in the reduced form of Clapeyron’s 
formula : Q = 2/1000.2732’/1’- 273.log.p/pO ( p ,  being the dissociation 
pressure at 2 7 3 O  abs. ; T= 281) gives a value for Q closely agreeing 
with that observed. J. D. K. 

Capillary Rise of Amines, Phenols, and Aromatic Hydroxy- 
Acids, ZDENKO H. SKRAUP and ERNST PHILIPPI (Monatsh.,  19 11, 32, 
353-372. Compare Abstr., 1909, ii, 868; 1910, ii, 191, 934;  this 
vol., ii, Zl).--The capillary rise of weak hydroxides is smaller than 
that of strong. One purpose of the present paper is to  ascertain 
whether the .zbnormal rise of ammonia and ethylamine, which is 
greater than that of the strongest alkali hydroxides, is exceptional or is 
characteristic of all amines. It is found in the case of aqueous 
mimonia (and of some amines) that  the rise is very different according 
as the indicating strip is used without any enclosure or is suspended in 
a tube closed a t  its upper end and adjusted almost t o  the level of t he  
bmin containing the solution under examination. All the experi- 
ments, therefore, have been conducted under the latter conditions. 
The results are as follows : Aqueous ammonia shows a rise which 
diminibhes with decreasing concentration, Hydroxylamine and 
hydrazine exhibit rises considerably greater than those of the strong 
alkali hydroxides. At equivalent conceutrations, methy lamine, ethyl- 
amine, and amylamine show almost identical rises ; the same is true of 
the corresponding quaternary bases, the rise being somewhat smaller. 
Methylawine and dimethylamine exhibit the same rise, which is 
considerably higher than  ttiat of potassium hydroxide a t  the same con- 
centration ; trimethylarniue, like ammonia, gives very diff rrent rises 
according to whether the strip is enclosed or not. Etbylenediamine, 
tetrarnethylethylenediamine, and hexamethylethylenediammonium 
hydroxide exhibit rises only slightly smaller than those of the 
corresponding monoamines a t  the  same concentrations. I n  the case of 
aromatic mono- and di-amines the  regularities are not so prouounced as 
the preceding, but here again t h e  monoaminea (aniline and the 
toluidines) exhibit greater rises than the diamines (the phenylene- 
diaruines, ni-tolylenediamine, 1 : 8- and 1 : 5-naphthylenediammes) ; 
in all cases, except the  naphthylenediamines, the rises are much 
greater than those of potassium hydroxide at the same concentration. 
The position of the amino-group affects the rise; thus of the 
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toluidines the ortho-compound shows the greatest rise, whilst in the 
case of the phcnylenediamines the ortho- and the meta-isomerides 
exhibit equal rises, that  of the para-compound being considerably 
smaller. The hydrochlorides of some aromatic amines have been 
examined. The rise, tested by a colour reaction for the base, is the 
same for the salt as for the free amine, but the height of the acid zone 
is considerably smaller. 

Some phenols and aromatic hydroxy-acids have been examined under 
the preceding conditions. The diminution in the rise with decreasing 
concentration is very much slower with phenols than with amines. 
Phenol, catechol, and quinol exhibit approximately equal rises, 
those of resorcinol, pyrogallol, and phloroglucinol being somewhat 
smaller. 

Salicylic, p-hydroxybenzoic, prot ocatechuic, and gallic acids have 
also been examined. When tested by ferric chloride paper the rise 
almost equals tha t  of the wet zone (100 mm.), and consists of an  
upper faint zone and a lower strong zone, a behaviour due to the ash 
in the paper which forms salts with the acid; it has been shown 
previously that salts are very slightly adsorbed. The acid zone 
is very much lower and decreases rapidly with increasing dilution. 

HexamethyZet~iyZenediammonizcnL iodide, C,H,(NMe,I)2, decomp. 
250°, is obtained by treating ethylenediarnine in methyl alcohol with 
methyl iodide (2 mols.) and then with potassium hydroxide in  methyl 
alcohol, repeating these two operations on the liberated base, and 
finally adding a third portion (2 mols.) of methyl iodide, whereby the 
diammonium iodide separates in needles. 

is described. Tet~amethylethylenediamine is obtained by distilling an  
aqueous solution of hexamethylethylenediammonium hydroxide ; its 

The pZati?zichZoride, 
(c,H4N'2Me6)PtC16, 

phtinichloride crystallises in orange-red plates. c. s. 
Historical Data Relating to Osmotic Force. Rectification 

of Authors' Names. AUGUSTE ROSENSTLEHL (Comnpt. rend., 191 1, 
152, 1305--1308).-This note relates to the origin of the theory 
tha t  the phenomena of dissolution are analogous to those of the 
vaporisation of substances. w. 0. w. 

Osmotic Pressure of Colloids. JACQUES DUCLAUX and Mme. 
EWOLLMAN (Compt. rend., 191 1, 152, 1580-1583. Compare Bayliss, 
Kolloid Zed., 1910, 6, 23),-The osmotic pressure of a colloidal 
solution of cellulose nitrate in  acetone has been measured a t  different 
concentrations, using a semi-permeable membrane of denitrated 
collodion. The ratio of the pressure to concentration, which should be 
constant if the solution obeyed the ordinary laws, varies markedly, 
even at low concentrations. The ratio, which is 0.53 in a 0.116% 
solution, becomes 6.83 for a 1.41% solution. Application of van der 
Waals' equation for compressed gases does not bring the results into 
concordance. 

It would seem, therefore, tha t  the  abnormal osmotic pressures of 
colloids must be regarded as depending on the peculiar nature of the 
colloid molecule. w. 0. w. 
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Rate of Dissolution in Gas-Liquid  Systems. TOR CARLSON 
(J .  Chinz. Phys., 1911, 9, 228-244 *).-The velocity with which a 
gas dissolves in a liquid a t  rest depends on the rate of diffusion of the  
gas into the bulk of the liquid from the saturated surface. Accord- 
Lng to Fick's law the  rate of diffusion is proportional to the concen- 
tration gradient in the layer of solution considered. 

Hence i f  c is theconcentrationof gas dissolved at any time t ,  and X 
be the concentration at saturation, d c / d t = K ( X - c ) ,  where K is a 
constant depending on the diffusion coefficient, D, at the  given 
temperature acd  the area, a ,  and thickness of the saturation layer. 
This leads to it logarithmic dissolution law similar in form to the 
unimolecular reaction law. When the liquid is stirred at n revolu- 
tions per minute, the saturation layer is diminished in  thickness 
proportionally to vn?z;is just as Brunner found when dissolving benzoic 
acid in water ; hence K= K'ngDa. The constant K is characteristic 
of the apparatus employed. The author has measured the velocity of 
dissolution of oxygen and of carbon dioxide in water, estimating the 
former by Winklet's iodine method, and the latter by Petcenkofer's 
baryta method. The unimolecular law is found to hold in both cases. 
The ratio of the  diffusion constants, Do, : DLOn = 1,158, determined 
from the rates of dissolution under similar conditions approximates to  
the ratio determined by diffusion measurements, namely, 1.166. The 
concordance lends support to the above theoretical views. 

Wi th  oxygen and carbon dioxide, the rates of dissolution and 
liberation from water are practically the same, the latter being 
sometimes 3-4% higher. The amoiint dissolved in a given time is 
proportional to  the partial pressure of the gas, but the velocity 
constant is independent of pressure. 

The Arihenius exponential law appears t o  hold for the  effect of 
temperature on the rate of dissolution, but no theoretical conclusion 
is drawn from this. 

Possible Solid Solution of Water in Crystals. THEODORE 
W. RICHARDS (J. Amsr. Chern. Xoc., 191 1, 33, 888--893).-Analyses 
of cadmium sulphnte by Perdue and Hulett  (this vol., ii, 397) have 
shown that the  amount of cadmium present in both the crystalline and 
anhydrous forms is less than that theoretically required on the basis 
of the atomic weight of cadmium as determined by Baxter. It is now 
pointed out tha t  this discrepancy is probably due to the  presence of 
solvent in the crystals of cadmium sulphate in the form of a solid 
solution, and to the retention of traces of the solvent in the dried 
sulphate either as solid solution or  by mechanical inclusion. The 
presence of a solid solution of the  solvent in  crystals cannot be easily 
detected or easily eliminated, and it is therefore evident that  solids 
obtained from an environment containing other substances, such as  a 
solution, cannot be safely employed for exact quantitative work 
without further treatment. E. G. 
Changes in Volume on Solution in Water of the Halogen 

Salts of the Alkalis. GREGORY P. BAXTER (J. Amer. Chem. SOC., 
1911, 33, 922--94O).-When a salt is dissolved in water, the volume 

* and J. Amer. Chew,. Soc., 1911, 33, 1027-1032. 

R. J. C. 

VOL. C. ii. 40 
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of the solution is usually less than the sum o€ the volumes of the salt 
and the water, although in  some cases it, is greater. Buchanan 
(Arner. J. Xci., 1906, [iv],2l ,  25) has shown tha t  in saturated solutions of 
the csesium haloids, the molecular volumes of the dissolved salts are 
greater than those of the solid salts, whilst the reverse is the case with 
the corresponding potassium and rubidium salts. Attempts to cor- 
relate the sum of the volumes of the salt and the water with the 
volume of the resolting solution have previously been hampered by 
the  lack of sufficiently accurate density determinations. The data 
furnished by Baxter, Boylston, Mueller, Black, and Goode (this vol., 
ii, 557) for the haloids of lithium, sodium, and potassium, allow the 
magnitude of the changes of volume which occur during the solution 
of these salts to be calculated with considerable precision. The results 
obtained from theEe data, and also for the rubidium and ccesium salts 
from those recorded by Buchanan (Zoc. cit .) ,  are tabulated. 

Of the fifteen salts, five, namely, the three caesium salts and lithium 
bromide and iodide, undergo expansion during solution, whilst tho 
others suffer a contzaction. 

The causes of these changes in volume have not hitherto been 
adequately explained. An explanation is now advanced which is 
based on Richards’ hypothesis of the compressibility of atoms and on 
hydration. It is assumed that during solution and dissociation, a salt 
is freed to a large extent from compression due to chemical afinity 
and to molecular cohesion, and that, when the ions or molecules 
combine with water, both the hydrated substance and the water 
undergo compression. The latter effect varies regularly with the 
compressibilities of the substances and with their mutual affinities. 
It is shown that the change in volume in the formation of the ions 
from the elements, as  measured by the sum of the change in volume in 
the formation of the solid salt and the change in volume during solu- 
tion, is a n  additive property. The part played by the polyniei.isation 
of water in the change of volume is.discused, and it is considered 
probable tha t  this effect varies with varying temperature, but that  
at the temperature of the experiments quoted it is very small. 

E. GI-. 

The Internal Frictions of Colloidal and Non-colloidal 
Liquids. LUDWIG DIENES (Biochem. Zeitsch., 191 1, 33, 222-224).- 
I n  experiments with von Liebermann’s modification of Coulomb’s 
apparatus (this vol., ii, 585), it was noticed that the logarithmic 
decrement of the vibration amplitudes increases as the vibrating disc 
is sunk i n  the liquids in the case of non-colloidal substances, whereas 
in  the case of colloids i t  is greatest near the surface. The author 
offers explanations of the phenomena. S. B. S. 

Mode of Dissolution of Colloidal Substances. PAUL BARY 
(Compt. rend., 191 I, 152, 1386--1387).--The author regards rz 
colloidal solution as  containing solid-liquid particles in suspension, 
such tha t  the attiaction between the liquid and solid is in equilibrium 
with the sum of the elastic tension of the particles and the surface 
tension. The particles may be considered as spongy cells into which 
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liquid has  penetrated by osmosis. Coagulation in  such solutions is  
brought about  by the  influence of soluble salts i n  effecting local 
alterations in  osmotic pressure. w. 0. w. 

Ultra-microscopic Investigation of Certain Colloids 
Coagulated by Electrolytes. GEORG WIEGNER (Zeitsch. C h e m  
Iwd. Kolloide, 291 1, 8, 237-23S).-Ultra-microscopic observations 
of the  process of coagulation in cow's milk and in  colloidal solutions 
of gold indicate that  the  nature of the process is such tha t  the  smaller 
colloidal particles a t tach themselves to  larger particles, and tha t  there 
is little tendency for particles of t h e  same size to cohere. The larger 
ultra-microscopic particles seem t o  act, therefore, as coagulation nuclei 
for the  smaller particles. 

The slight differences observed in  the  coagulation processes i n  milk 
and in  colloidal gold solutions are probably due t o  differences in the  
size of the  particles which may act as coagulation nuclei in  the two 
cases. H. M. D. 

The Coagulum from Gelatin-Gum Arabic Sole, and its 
Analogy to  Casein. F. W. TIEBACKX (Zeitsch. Chem. I n d .  KoZZoide, 
1911, 8, 238-239. Compare this vol., ii, 3'7S).--The swelling 
properties of the  coagulation product obtained from solutions con- 
taining gelatin and gum arabic a re  described, and reference made t o  
the  similarity between these and the  colloido-chemical properties of 
casein. H. M. D. 

Distribution of Ammonia, between Water and Chloroform. 
JAMES l f .  BELL and ALEXANDER L. FEILD (J. Amer. Chern. Xoc., 1911, 
33, 940-943).-The distribution of ammonia between water and 
chloroform has been determined at 2 5 O ,  and over a much wider range 
of concentrations than  has  been studied previously. The results show 
t h a t  the  distribution ratio varies with the  concentration from about 
24 in very dilute soIutions to  about 10 in coucentrated solutions, and 
t h a t  it is only very slightly affected by the  presence of ammonium 
chloride. E. G. 

Influence of Dissolved Salts on the Distribution of a Sub- 
stance between Two Solvents. NICOLAS DE KOLOSSOVSKY (Bull. 
Soc. chim. Belg., 1911, 25, 153--210 *) -The distribution of acetic 
acid between water and ethyl ether has been measured for different 
concentrations up t o  t h e  point a t  which the  two liquids become 
identical. The relationship between the ratio of distribution between 
water and ether (C) and t h e  quantity of acetic acid ( p )  contained in  
100 C.C. of the  aqueous layer is given by C =  2.066 - 0 . 0 6 6 7 ~  + 
0*00106p2 a t  18". 

I n  general, the  presence of salts lowers the  ratio of distribution, and 
for salts of different metals the  lowering produced insreases in  the 
series : potassium, sodium, barium, magnesium. On the  other hand, 
the  acetates of t h e  alkali and alkaline-earth metals raise the  distribu- 
tion ratio, and this is  attributed t o  the  formation of acid salts. 

H. R1. I). 
* and BidI. Soc. chirn.) 1911, [iv], 9, 632-637. 

40-2 
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Solubility Equilibria between Iod ine  and Organ ic  Sub- 
stances, F. OLIVARI (A t t i  B. Accad. Liizcei, 1911, [v], 20, i, 
470--474).-The author has investigated the complete solubility 
diagrams of iodine and various organic compounds in order to 
ascertain whether complete or incomplete miscibility, solubility in the 
solid state, etc., exist between the compounds, and whether any 
possible complex compounds are capable of crystallising or of revealing 
their existence by the form of the equilibrium curves. 

The solubility curves of iodine in proximity to the point of fusion 
of this element practically coincide for iodoform, azobenzene, 
p-dibromobenzene and p-dinitrobenzene, and deviate somewhat for 
benzoic anhydride and acid, the behaviour of these two compounds 
being due t o  their molecular polymerisation (compare Abstr., 1910, ii, IS). 

The curves of solubility of iodine in p-dibromobenzene, p-dinitro- 
benzene, benzoic anhydride and benzoic acid exhibit an  extended 
horizontal branch corresponding with the formation of two liquid 
s t ra ta ;  fused iodine is hence not completely miscible with these 
organic compounds. 

The solubility diagrams for p-dibromobenzene and azobenzene show 
changes of curvature at concentrations of about 70% and 60% 
respectively, the adjacent solutions probably passing in the neighbour- 
hood of the critical state. 

The presence of the eutectic even in dilute solutions (5-6%) 
excludes the possibility of isomorphism between the components 
beyond this limit. 

Thus, the curves furnish no indication of the crystallisation of 
iodine complexes, and, since there are reasons (such as the red or 
reddish-brown colour of the liquid phase) for believing that they exist 
in  solution, the conclusion must not be drawn that their saturation 
temperatures in the mixtures are below the eutectic temperatures. 

T. H. I?. 

Equi l ibr ium in the System : Water, Sodium Sulphate, 
Sodium Chloride, Copper  Sulpha te, Cupr ic  Chloride. F ~ A N S  A. 
H. SCHREINEMAKERS (Proc. K. Akad. Wetensch. Amsterdam, 19 11, 13, 
1163-1 177. Compare this vol., ii, 381).-Solubility data are recorded 
showing the composition of the solutions saturated respectively with 
one, two, and three solid phases at 1 5 O ,  ZSO, and 35'. Within this 
range of temperature, the quaternary system gives rise to only one 
double salt, Na,S0,,CuS04,2H,0. By means of a spacial model, in  
which the solubility data are incorporated, the solid phases capable 
of coexistence at the different temperatures in  contact with aqueous 
solution are clearly exhibited. H. M. D. 

Equi l ibr ium in the System : Water, Ethyl Alcohol, and Ethyl 
Ether. SHINKICHI HORIBA (Mem. CoZZ. Sci. Eng., 1911,3,63-'78).-The 
equilibrium in the ternary system water- ethyl alcohol- ethyl ether 
has been determined a t  25' by shaking the components together in 
varying proportions and finding the composition of the upper and 
lower layers after complete separation has taken place. The 
analysis of the layers was effected indirectly by means of data for the 
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specific gravity, index of refraction, and specific viscosity of homo- 
geneous mixtures of the  three components, which are given in 
tabular form. From these results and direct determinations of the 
binodal curve for the upper layer, the curve and tie lines representing 
the composition of the conjugate mixtures have been completely 
determined, and are represented graphically. At the critical point, 
the mixture contains 40% water, 2S.4% alcohol, and 31.6% ether. 

J. D. K. 

The So-called Nucleus and Convergence Points of the 
' I  Crystalline-liquid Phase " of 23-Azoxyphenetole. GEORU WULFF 
(Ann. Physik, 1911, [iv], 35, 182--184).-'l'he peculiar structure which 
is exhibited by the crystalline-liquid form of p-azoxyphenetole when 
examined under the microscope can be explained on the assumption 
that the anisotropic phase is a colloidal solution. The nucleus points 
are the result of the primary coagulation, which then proceeds under 
the influence of the strain set up by the surface-tension, and thus 
leads to the production of the convergence- points. 

The Number of Electrons in the Atom. HAROLD A. WILSON 
(Phil. May., 1911, [vi], 21, 718-'722).-Assuming the atoms to be 
constituted, accordiog to Sir J. J. Thomson's theory, of spheres of 
positive electricity containing freely moving negative electrons, the 
deduction is made tha t  the constitution of an atom containingn-electrons 
in  the positive sphere will be such tha t  the positive sphere is divided into 
n equal volumes, as nearly spherical as possible, each containing a 
central negative electron. The electrons will thus arrange themselves 
on nearly spherical concentric surfaces, the distances between which 
are equal. Assuming tha t  in a series of similar elements each is 
derived from the one preceding by the addition of one such spherical 
layer of electrons, and that the number of electrons is proportional to 
the atomic weight, the  number of electrons per atom is deduced to be 
eight times the  atomic weight of the element. The cube-root of the 
atomic weights plotted against the order of the element in the series 
fall nearly on straight lines for each series, the lines for different 
series being nearly parallel. 

H. M. D. 

F. S. 

Classification of the Elements. TORIBIO CACERES (Anal. Pis. 
Quint., 1911, 9, 82, 121--124).-The author proposes a periodic 
arrangement in which the elements of the rare earths lying between 
lanthanum and tantalum are made part of the fifth period, which thus 
extends from xenon to bismuth. The suggested arrangement is not 
essentially different from that brought forward by Werner (compare 
Abstr., 11305, ii, 308, 514). 

ELLIOT QUINCY ADAMS ( J .  
Arne?.. Chenz. Xoc., 1911, 33, 684--688).-!I'he elements are arranged i n  
six horizontal rows or periods. The first period consists of hydrogen and 
helium. The second contains eight elements, beginning with lithium 
and ending with neon. The third also contains eight elements, 
beginning with sodium and ending with argon. The fourth and fifth 
periods each contain sixteen elements, the fourth extending from 

G. D. L. 

Modification of the Periodic Table. 
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potassium to  krypton, and the fifth from rubidium to  xenon. The 
sixth period contains thirty-two elements, beginning with caesium and 
ending with a n  unknown element. Each period contains homologues 
of all the  elements of the preceding period. Several new families of 
elements appear in alternate periods. The rare  earths proper and the  
radioactive elements are  not homologous t o  any  previous elements, but 
are two groups of families which enter into the sixth period. Apart 
from the rare earth and radioactive elements, seven elements await 
discovery. E. G. 

Position of t h e  Moat Impor tan t  Elements  in the Periodic 
System. K. SCHERIX’GA (Chem. Veeekblad, 191 1, 8, 389- 3SO).--The 
iiiost important elements i n  each horizontal series of the  periodic 
system lie on the same line, as is best illustrated by mapping out  t h e  
whole system on a cylinder. A. J. W. 

Molecular Magnitudes. JEAN PERRIN (Compt. Fend., 19 11, 152, 
1380--1383. Compare Abstr., 1908, ii, 927;  1910, ii, 493;  this 
vol., ii, 4SO).--An emulsion of resin with water and alcohol was 
submitted t o  fractional centrifugation during four months t o  obtain 
grains of uniform density. The grains had D 1.1942 and their niean 
radius, a, obtained by counting the  particles in  a definite volume, was 
0 . 3 6 6 7 ~ .  The radius calculated by an application of Stokes’ law was 
0.368p. Their concentration at different levels in  the liquid was 
determined by a photographic method of counting. Avogadro’s 
constant, N, the  number of molecules in  a gram-molecule, was thus 
found t o  be 68.3 x 1022, whence the  value for  e, the  charge on a n  
electron, is 4.25 x 

The displacement of a grain, 8, in  the fluid of viscosity, 5. during time T 
wtts measured microscopically. Einstein’s formula, t2 = T( B T/N)( 1/3~ag) ,  
then gave 4.21 x as  the  value for  e. This is practically 
identical with the  number calculated from the  electrification of solid 
spheres. w. 0. w. 

Regulator for Diminished Pressure wi th  Periodic Alterations. 
ANTOINE VILLIERS (Chem. Zeqatr., 191 I ,  i, 857-958 ; from Bull. ,Sci. 
Phammcol., 1‘321, 18, 7--11).-A full description is given of a n  
apparatus by means of which the air  or gas pressure in a vessel can be 
varied periodically from the normal pressure down to  a pressure 
limited only by the capabilities of the air-pump used. T. S. P. 

Luminosity of Phosphorus : Lecture  Experiments.  LUIGI 
MAL~JNO and C. PORLEZZA ( A t t i  B. Accud. Lincei, 1911, iv], 20, 
i ,  442-446).-By the  following method the phosphorescence of 
phosphorus vnpour may be rendered apparent t o  a large audience 
without the  la t ter  b e b g  iriconvenienced by the  fumes and without a 
specially darkened room. A current of carbon dioxide is passed 
through a saturated solution of sodium hydrogen carbonate, then dried 
by means of a tower containing calcium chloride, and finally passed 
over red phosphorus contained in  n, hard glass tube. The la t tcr  is 
firbt heated at  its extremity, while the gas is passing s l ~ w l y ,  until all 
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moisture has been eliminated. A delivery tube reaching to  the 
bottom of a flask of a b m t  2 litres capacity is then attached, and the  
gas current reduced to  a minimum. When drops of white phosphorus 
begin t o  deposit on the  cooler parts of the  delivery tube, the  flask is 
placed under the latter, and a strong intermittent current of carbon 
dioxide pasced. The phosphorus vapour, coming into contact with the  
air of t h e  Aask diluted with carbon dioxide, generates a green flame, 
and the whole of the bottom of the  flask appears phosphorescent. 

By suitably modifying this apparatus and by employing a mixture 
of carbon dioxide with 10% of air, a stable, lemon-yellow substance is 
deposibed, which is found to  have the composition P40 (compare 
Michnelis and Pitsch, Abstr., 1899, ii, 285). 

The authors draw the  conclusion that ,  i n  the  oxidation of 
phosphorus, three different stages are reached. according to the  con- 
ditions employed : (1) formation of P,O, when phosphorus vapour 
burns completely in  excess of oxygen; (2)  formation of P,O, and 
P40 when phosphorus is burn t  in  a current of a i r ;  (3) formation of 
a lower oxide, probably P,O, when phosphorus is oxidised with 
highly diluted oxygen under the conditions of the  authors’ 
experiments. T. IT. P. 
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